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The research was designed to prove the validity of four theses: iII Rats can. detect
TNT rvapor via their olfad.ýory function: (2) Trained rats will operantly %ignal the arrival
of TN'T vapor at their flares: (3) Rats may be trained en masse to function as biosensor
detection systemis: (4) The electrocnihephalograill ([IA~i of trained rats contains specific
sWigals uniquely related to their awareness, of I N Y sapor.

Albino male rats were equipped with four chronic indwelling brain electrodes, three
.of which were clectroencephia~ograph 1- I iGI pick-off electrodes juxtaposed to the dura
mater, while the fourth lead %a-, a stimulus electrode embedded in the medial forebrain
bundle, OlFBI. Electrical brain stimulation (hilSI was applied to the MIFB twhi~h has
been termed a 6pleasure center"I . .is a conditioning stimulus during training and reinforce-
mient ses~sions.

Subjects were jist conditioned by operant methods to associate the Ve.esence of
TNT vapors with EBS and to signal awareness of the target substances by treadle pressing.
When it was established tha: the animal clearly recognized the relationship between TNT
vapo~r and the availability of ErHS. the submects were further conditioned. using the methods
of classical conditioning. to expect [BS -gratis- on a random reinforcement ichedule.
only when TNT wis present. Since no operant response was then required. :ile treadle
was eliminated, and the subject was severely restrained during the training to minimize
Motor artifacts in the [[G. Followirng the initial classical protocol. randomly sequenced
olfactory stiulih fTNr or neutral odorant ( were delivered in simulated search paradigmns.
IRS was withheld during these search sessions to simulate "real world" conditions. Rein-
forcemnent sessions. periodically interspersed wi th searches, assured that no extinguishment
oi conditioning occurred.-

The four flheses post(ulated above wert- proven individually. It has thus been demon-
strated that properly -.onditioned rats can, in fact, be utilized as, sensory decments in hio-
sensor es plosmses detection systemis.
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METRIC CONVER1iON FACTORS

Approximate Conversions to Mtric Measures,

Symbol When You Know Multiply by To Find Symbol

LIENGTIH

in. inches 2.5 centimeters cm
ft feet 30 centimeters cm
yd yards 0.9 :;.Iters i
1mi miles 1.6 kilometers kmn

AREA

in,2 ' square inches o.5 square centimeters cm:
ft2  square feet 0.09 square meters Il 2
yd 2  square yards 0.8 square meters in 2

mi 2  square miles 2.6 square kilometers km 2

acres 0.4 hectares ha

MASS (weight)

oz ounces ?8 grains g
lb pound:; 0.45 kilograms kg

short tons 0.9 metric ton t
(2000 Ib)

VOLUM E"

tsp teaspoons 5 mnil'iliters ml
tbsp tablesp-ons 15 milliliters ml
in .3 cubic rnches 16 milliliters ml
fl oz fluid ounces 30 milliliters ml
c cups 0.24 liters I
pt pints 0.47 liters I
qt quarts 0.95 liters I
gal gallons 3.8 liters I
ft 3  cubic -feet 0.03 cubic meters m3
yd 3  cubic yards 0.76 cubic meters m3

TEMPERATURE (exact)

OF degrees 5.9 (after degrees °C
Fahrenheit subtracting Celsius

32)

x

SI I! 4
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1. S- nop~ii of the IK%;wrimcen. TIi; re-ýarect di.4u.-Mi its this rrp.rt i.

4tbi4 rnftI% Ih jim I) ripI it,, ie olw rjti,ý it a vIl rtiiahIiiIit v of anjimal- entpbime I a- t he ",n-e ,rN

element in d'p..a~ et.eoim~ ~ i te I'm.iar liasic the...- %err iris -stigated. a'.d [it-i

rtesearrh res-ilt w eachl of( Ibte-, area- relirc,.*ntedl ain originial t-wntridust'ima to ft#- le- chap.

ml., fieldf .f are!g.,rI~et~a 1t~i' lt4tt. Il

Threisi A: It ks ;ai-tInlated till rat- can dletect. ti ji their olfaclior% -en-iaon
founc-i ii . -. intf 1-4111 atanen %f het, mi titar% expbIoaiit. 2. 1.6etrinitrvitsiluene- aNTI in mnulf.it

Thei-... R: It I- laeat tlaicil thal if lheiii. A i- true.. then irprl*-wr lweha~ ioaral
4*4 ill fitifit] 111 v~~an ('341'e the animal.a Ito i 1aw-ranik l-ignal theiar ~awareraa,- t~ flit- pr-elie if

..mwll (ffloent if TNI 'Ir it e amblient air.

The-%i% C: Iti. isjt~tuInateai that if Th1w-i- Itis true. thest it -hainld lic 1140.. ilile

ho train -se-ieral sUii~ct- (iiitaufu~ a% opiopjle Its the tradlition~al method aiof in-
diiffi' adu -eparuial co.neliito~ning of tolpest" %i rFeto ttin.' a !uni-antionlai c i1.4 -Ia-
tsa~n .rila a~. 1w-rant and dlassical 4-fin.Iitiiaing Itara.isgrns.

Theaim ID: It I. jIemtiilited that if Thei- If i- true.. thent it miu. lie IHý-sulolv

it) elucidal tmie an,Ijtigutically significantl change in the ciprlical rlecinwncephalaagrain

JlK ;I of flthe ic-I -tulpjaft,. after the a. tosf dlefection lua, oeorriam-c ante! pitir it)a iiwranik1

sigual ng-ir.in [lhe absen-ce (if lthe aaPiuorlunity Ite tilperanth. signal-the detectioen.
Phrased elififfrevutl'. it--hou,,1w I bepea-dale ha claisssc~liv seernditiot flh- test -niajecti tea an-,
ticip1ate thle reitoaril that %a% hen-etofore famrtho-eaming eanl. a'% a COn.-.efipaene-e ef ant eajatrant.
The -tate fif cereralar ariausal resutilng front lthe antifciipation ihoiluld thien result in ain anr-

1 i pator% fi akeul spoectral changr I A1K. : in the- crt~ical FJA;..

Trhe sapsrall research # Mo~rt -puannedl a ;aerifol (of .4 ser t vr dhuring w hicli [%to

Irasicallk sinilar crgae-rinsent.-hereafter -imuply' laeledri Exiverimeni I andl Experimient
if- %err pa-rfornore. Th~e research ule-nstol-rateal that rat-i saf tile ftiaur ;aeastalat" k is tre iv,-
seahar a-lahlepratear, riftaerinaentp, can seritv the-. o-uaesecrtenoplpanai
%rrifivationv. it will lie necessary it)a trin a large anumbler of -tlujectas: eqilti~ a ;aearialde

dletecteaion te %tii the sialjectas. -jitable, tneejrw s lav ecicea. air inlet Ieiices..
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ther. the det-lice nmu- le able it) funs't ito % ith it reit-ssnahle Like- alarms rate I< I.3 Iper-

centl in an enviroinment where the effeetiiie -sgnai-trv-elsaer raitom ma% lt tutisub I,-- t han

uuisit. andS thum-h. g -lwcifisity k. abli-d tile. . an e=-ctitial tEolooratiilg loaramteter if It,% falke

"alarm prsiobaoialiot i, it- be oittainesl. KtiaikI. t~ie - i-er u ti~ be capiahle oif -iifflvivinl -i

l.iliitv Is1 iporrsit sleteetilsus i'Aliile the# tar,_et I- not irmsssesialtet jprominmal t~o the sietec-toir. III
practlice, the range 4f sleteetisin Jhou hi lm- nea~iiresl in feet. riot i its ih- arid t hi-
stflflgefi resjuirenient. Vclotls-s with the nweed foir real timie seletetifon at .simI s isa Ionl.

pre~ln t ly e-limliinate, nit,tI ph ~ -i'e'wniaI-4heie- frlisi ;tit. -ersou- eoti~-Ilerat isonI fo~r
ui-e all posrtabsle rxjlooi~ii e sietevitt i -trn ssr for detector- fur -sri lce 5 in wh ich the target
o-bject a in tit mstiom (r.". humnan- in poirtal. rs srrioltor%. etc5'.

-4. Biosmcnpwr Res~enrch. hlitp~en-4lrý. the -%-tena opf G;om It'. -hot-, llrolui-e 4f lithe

Ability top m1eromne nianv oif the (oljet-tionalile rharacteri-tic- inhewrenst in Ilhs- Gnmrogf

.I.'-tens.l. hutt the-, are noti without .- riistj flaý..

InI order Ito eluicisiate thw jrguissent- (sir hiis,-en.,gir. tott mu-i. fir-I de-fine the terni

Iihrisi-n-r a- it applies too the re-earch. For thke plplrM l, of thim, rello-arch. a bijo-erisi~r i-
olefisset &. a re-ir elemnoit Igor a tiotal wn-4or% -%-trns I hio-h either vpsoný-i, 4of a lkin iis

irmassu-ni o)r w hich ill atu in %i itr appslicatisn Elf( .'nie life- jirtx.--. The, Latter vate-_ssri ent-

bsract, ri es ms,;!~iPi ng entsi sat ic Elterlil-tr, nmnsesrsa eteii~i-. olfacluir%
levet-ibtEr 1 iritsrin wiiliztislol -s-heane.. wnd a few toiler e-41 wrrinsental ap1 .orglache- w hich will

not 1wrsdi-csim--es here.

Thel foormer list %i~i o categorm -sdirectly athrslsle-s. the is-- 4of kingss creatures.
wshich are in -oust- manner -tnaetturall% oir lpIwi ioo~rjll% m~odifiedt-or Igotr pI Ito 4-en e either
a- a l.le-sifl elemtent sir a- a total ileteritior l~tioeti.

The nifillt Jimpuolar apoplication .of aniirralk Is. slate has. Iwver the it.-*- iif hsehai braIll,
mfooiifgei EEId w luh haie oi.-pnooni-tratesl a-tsini-hinsg. ,worfornuance iii tlimss-ansl- (if
diswaimentrid te-ts. Elf ietsectiotiv rrn1,i;,~inx a iarit i of target- -11ills it slnst""..eiE.i

husman-.. andI -i con. A. hile ' slog :,aier 1.erfsoprneii rxtretuli well. -%Pit the Itist d~ed~icatted

liis,11Wimo rntima..iia-t rsupI 4dmirla that the jshta-w -ewtronsel elfl- 6 an 5'Elco. mmmi huch
miay 1w tititieseened. -ilht.- 1 ,relenti' the~ir Erierall 1wrl'trrniiinve le-a,."' lustsIto be lde-ir-el.

.The lpa-sir Elibjectitln tlo siogs.- and Either intact animal-. w hich are lweha% isirall % sinsli.6
turned too fletes-t some -iulo-cancet ill that their 1 wroebrtnarwe i aries. frmi hiour Ito hlsaur andl

frtom diay too clay. anti the sm-ser is. nlioere efflaii that the uiltimate loorfsirnli.ns.- is. loing ex

tractell froisn the animial ins an,, gsiorr -warE-h. Thlere- ill, ru reas-srn [to Ileli#-ic that .theC-e

animials. are alway.. willing oir ri en absle to ,wfiernsor at miaumesmo wsn-iti itii andh .h1tNitivi-

tv. In fact. %rmv canine re-earth lortigrants. lsa-. 4ensifstr~itraesl' that sj1ite- soften, a hitherto

%..d"s %I %~.~lE..5 )I i.. i..~~ s,. 1 1 s .I now'. MMIN4I 114. Fs1, R5."...

% gsS 5IE
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tle~tiitaild'ifiiiti.l w ill~ .411"IN ch.w- 1140 14i 1`11iiitit ietis :I tiiri ter. and fct the-re- is lit-
fle itir maimetl,e appart-tii fit the ( of~sr e#-r% v, I -hif % it ir to itit Iit if ,- dea thk hi- loioti-eiitr is iii ai
"fa.iliir, iiiole." Stich failure's litne se l-.* gli-a-tirej,i t) file. jIeint that it uiiidit hate. forest-

lwttirr if) lbaw i-e-il it cautimeti himiman -rarth ir -serine=c. 4o t W iet s mi4w dltr'elm-jueiealolf-

ltii*liti . .t.wnu sit- ass e-nz Iati ifovit l iutr in jIrrf-rt-F1wr to. thr lkillin aitinal.

il if" O.W.tf OW lt*,e* i1mi.tl Ice. cl 4~itt animia! lphiviurnsr. the- aiilicuiiedl ii..- tof !-un-l
- iills .lis ereu %.if-vtol tif- sus-lertlt Ii% i lie ptential.I users. Ai5!ifigmidkh. atimial iia%

I A:: hbl~: 1,0..1! o ,;:;eim1eo t rail- Its tenuse- -itualtion. -tchi as caikll atthe-tislel for in crimthal if

If t here- vor4re mueth Ii. te-jeai laW..- lti teliiiiiiiaie lteis 4'fe.-t, f citififfee-niae. frisr.

mnid V. lae4.er *tels-r s-nntmeelim nua.,ld can. failturi-s ini,-fi~uai-- theit atnimal might
%,hIl lee- the- el~tee'Itir v-lrm-ti-al he l hne- in mtas' sc S-i~iare-. C ertainlyl4 the-re canlot fie ti %.almel

arniuse-it a.aurit flit- %tsivivitel that. foor exio~lope-kc. fle-iee'iisa so-nlive- its -titiet ili'erw#- if-

%irouinie-ifits a. inIo d iniiý. etiu iirwaar -Irve'.-. fien hiriehle-. alsom, railroad trac'ks. in
cvhicle-. its ai r-ra ft. mit itiuie-I. anl tI -e eflit-e attinial w. ith its porssmer ahalit% Ito ign~irt

lutist chiiiter. is Ithe h,--t a 11-li crlmut. 4.jl do' Csse'tieefoi -4. sto-11 ruirre-nil'. 3ld

lhw "e-arch fior at mn-lue elof it( limiuiuaifiii, 1141.. If 11411 .ehl. -if the- miiile~iralele adsvleeI.

4o! iwiart-aimiitiul svi.o-n-tiN 'uinieate-.l ii f lit- researc.h pvtorairng %.hiehi is the slIliject elf

tar-t. it i if, tinecvv-ar% Iti selee! it isitable animal s-e-e- jiragra~ Ih A 3.
St~lu~joee'l.* V. ch If'. its aatuire'.V. notid11, "wn~m fe-si w~agv it Ise fix itltiraihle

chiaracter I rat-. ii.t tie almo,'. c. 1w~it it iv.- itet-e-ae'i teo tde'.is- dst ili- V. livr t -hrebli' this

amci a cZdIe.0111le I".' ifiilied i.j c . 1;n'. Id dostltimea Ii'-tsletes-t vephplitil.e effluient-) pv. ith Ii li-

jir-et-leuie-l siwoite-is liif PImrIptie-~. fii,.. ma tOw Jmc tte' loe ia'Oiuiait' 4. ;.s.,

iawrai jblsl% ii'.te dise'riniiiiatt- the- oel-sarcu target miltlwisadu its the- ie--lirrene #o ex1 t-Iie]'.

It hpa-ic aaungiee life- iiuiii atiem (iflit-e re.'-arcl V Aa, Oi~at[i- tii lliritate- o,'.erall

-.-#Iiv-it lw-rfternviaibe- %.emildI 1w' alitint-ol if it %,-re INP.esibWl tee e-hiaefite lite- lh.pr-se-cvfu off it

Imauie~ie e.eI .sin ife th- tirt meal Ifoirmal art'.iI~o anliciioatteV'. eii'.edki .jif-f-trai change.. for

E S-~4 I e1 af sitah.11lab tneiien suj-t ffeillov.iiig the- itirt~vreslueifoti c epes.e-tln-

inlet life- air pree-Ctimail let Ihle' -uaijtet-. 'Iluk 4,10114,11111 aitciiieoti thait itmer amiritijitttiry 4 etlt

W411114I tqe-tiit i, flt-e suihtject ceoisileiii aird. e-arin.ing fosit .im olie-rant art off animnineaaiitn

whic1h. fluirisig it. traimsiag. lhuql cote-idl e a highly hele-iracle- re-v.arel %.helitthe- tariv-i

I" ~ 1.--~te
1  

4..-e~, ... i.eiule. u -. rl *...i I- %-.iti.' s t -loop, A ,-tid,. . .1d4 "

t.,n.-..s ted ii.,sw.*,de, oe4_...nl.sIer An' s-W t'-e.-.tail ileI I*tj etelo. i 'H-inee-



-iil-taice~ I. 1 cr~i~i.If* dii- v'% 1-1ii 4-tilel liv Il-iiiee tiii'titlk itlieclifijrI. then all act ()f iln-

Imiliealeimtitl i.31,cirawe I tl life [i,-part 4 fcltive mim~lial~ pptilel IN'eimictt lliile-t-dr awiil Owl
if oof f- I rq rl oIvi II ft- I lioi f i .3 -r l il i v tr m lt- n a il f

lag- -:s lt-le. m rcet, Ait heigh itfieelieelrw'.tr litli initie 1 r-cr e

)1%l 011 Ait~ ti1 It 1heW e'iii-1idima off I el ic % E SO I it-hor ,imiale #~-%i- a fir I.I l Iai
leeir tie lel, leeuen all c'x1eik-i~o- .I--lelcteeeii -oi %-w %hih i-ed ,are inlaita ml d (ilIditi-
ro-e1iirinwe, flit vlaic"rate-upin. -11-tind a- Ilite -ewii-4r% vrelemesi.

Ii -liceilll wit Iie ini-mileri (rein flit, feert-geciiig th~at till- titiai iilalliiit% ccl -t1un10

leered fit If.S i* u .iele roesitir -uialeeI Iragitivi animial. e-ne-h-. It - jak letii i- -ailele lii tý-n

[%%4, fir ilien,i -meall aucmeal ill if littitahilt- di~ev Aewhro-iii tach animsal votodislooeetraiitli
th~iaItia it lia- elvirteitl af tar--t -iile-timco. 11 jroilwbictii% tha.t Iithre aiieaiaI- %miuld

*lit. i~L-e 1NIiti~ifi 'Ailiumf fill- 1ct-riictel of5L . fir -ti i- -malnaIi- AP1%ii 11.10 lIicr i.-N.
Iloi-trefircr. -et1, a -i-f el-ug, muajwieri li.gue filet-iitii criloeria joptemitl le snarlio a- vffte-v

Iiii*a. - .111 g-Iill tinef afieiuiai %dlid 4iiiiiiortvii all %Et i'N iti fi wnli itrtk'ii iluetr.

flo Itciiir tl.hei-tical atif14it littr 1 tracti icaIc t-ide-rat if oi- inef-i ataililea tIheieit i

.3 iigi'~iiii~I l Itilif at all 10,i~l.

3. -%It. Siobjo-cl%. Ini life- lmircadvI-I -tic-. Ilwi ivrmi~ei-g- re-lawi- wuit omli te

Owi alialimal aged 16.It'leaelo Ph Iltli lfew al-fic lie Owe arii~m- il %itric itjilizaitjei- 4e life. Jiirtp
ee'--.-. it Aji a-igle--arf varli ill Owu 4iit clue1  al p haw- st'l t hi- pre ira iii lic ii armto flit-he fit-le

oilct iiii~i-iralitcis 1ce Vi'lierarse cellhi tn-n iiite-t-e,cr- Veicleu vtciil-cl .ife% a immteliial bicr iear-

timit- tlre iiioi illii a (IltItetlieu net-warelh piier~ls. Fier Iihii wa")4n. icilio iiiin j30Vf~ r o,~ r

1cI aiINatet. ani lii6- eajill"tcni Ailaý ffiu khi n.eelnitil tic intsmlf-1e4 icuili t11e aminucal Phlio ha.

A~ ticiili lbi. - grteiviiel. tleo telictimnm c'ineue tel mlohjt-ct ipa- niltsi v-ark onidi'legt lict

fir-I vi~eci ilrtie fe er Ow n- an- rf-foecml- ill Ow lielterate.in- lph ivii a-nilw- all miarinrw iff .-ill-

-ten" t1;aiouieiliticIto. tic varli ,%onr via-- off animal.

fnlit-ii re-wareg lortegr'an ia- sle1t Ille-iguieel Ito lic ali I~lm.-I walifcll -oee' vwirl

Ni-l mparama gwI~r eef #e#ir 11ieciI~ iii.lii -tl-4 cr -1P.l4111. it ii aý linen--anr. ItoeiIali
utirttaiii i-rite-ria jcnieer :f, tflit. 41F~ itc tela eI -1iicjtot. anti Ow fir-I. amod jec-iielo %lthe- mo-I

is . ... n. , -ii. I... . 1.1, lle. i li .,..6A .3 .. t.cct.. i.I a. ,inc ce hc,. 3*,3-uc.

- ..c c .,...lIe..,i 1.c *e..c .- ,ccii t..t i-csl *cl, ~ .3 tc. e.i .~l~.i. . .,~16mI ee,

V i... .



1,itiiii I %,, l ~i t% h . % t ct, I.. * ni N ee vI ItPi I. . ihuul ;Iguuario lt ir e1 or sra t it' rt-11 o- I iWr &et-1lIth're .I INi-

the 114iIi'llleit l' .ra m~teifa ll to,11 cooita rar lo rg icll. 1.111 thre-i it44d Elejer~e tft-lt

.e6 1a u~gc -,I II I,, ti f6 1,'"ac%'.a

(4~- 1 111ir ri- hal tia P%% #-I4 II IIit- ehilt-It I Hu 4m t Iu t -rt- iat it ti'tllra t I 'ie' I I IN 1% RvII I Iot-

-ei t l 11 4' rala imi iii irthe iifrea~r. hld r init. -Ieiuit t rlee eIi~t"nt vvi l-etlio-r 4 ifl 4ontude"'

Iitr -e -tI litri htill ti e' tiir -lt wm i t ,' c11.11 h tilt m."'' lust tin- Ivtret-.I -. t-7h ai~ir'ei

hiiiete', tee. th' i'.tiil mim.th It~oei elm e. -iale to~jha 't 64(111il.huu 'i the 414111111111- III.-

1 t'r hle~il Boiil It%\ ''.4' it~ttl dril ar*.l hi m-d l o ti-tv itu t t Ie 144- 61; ei i-tan e 4ii u t-gilc-

.*.r l wii. iII6C p. uiti-Owi -.ir tlr oil he""mol terata itm " butltri lt-i. -_,raui~ -timer lt I.- "- I tarve' lklh ~

lee 11161.1 to) 1 1eo 41- 14' ltt-1 I l'm ' I tile0 Billlg'rtuh erte tla lllll 1114're'd e1eitei'c i etin - 'ru ll- vv,

ImwN-1r11it11 th. icr It tht."~~ie~. '11 i01 ateIhli\ lait 1 e htnlitl d 114t eh1 tta . )i~n m I hi . k-e f ustilt 4-11

'4iil re tof h hiiiie'l icit% ', #Ii -ri it i it ~itit. rasu'iviill Slaltceh rm lldl deuetr-rte'v i hid"gh

11W u.04 e'eIttid 111e'erim fattie tel iii.''..'t~ed li'rsti'ns-a %%tl %i 1w -'It III'laitiii tif llI.Ilsl1,1a11

Ii'L-. Iatiled.o itt - midiit i-jt e'l toos itartitllla lpre'-t'ar'. ;Ir-e~rlfi la.~ik. dl ummui ai- ime.ar k

ot i'hilit % ltmit'reetodthad elied-tiihiot i li~tpt !ile ' ea nte ri el iresud t- an u i'Aet hao t (liii- irati' hcigh

reihug al eoil t i Ii-ilied t'iiau, its O cIf A miri i tlitl vcolcll %e' - ,e'-t.st'.. bn'tima r vshu6vrt- llitlIlllI.

h' it . i st-I lt1,11110611.4 1 o.'to I .og lto' 'i'oo I. 4It II I' .m cr o.i o, oo. t it .i lO'i 0.,-o l~ it f m'O

"i-tilott-o~lptt It ll.. I t l. da @of oTheis. it %%t..o1o4oo.. i.too', '''o w s - o--.Ctoon ....l L.' vm rot.I 'o

' t h "- iiov tflli p rii a 4ir-al ea m t l ll a i

Ilblmcrsmlc aoldi% itvd1lc -ou , tiat. F%,t n- I.irlir i



e'.evi tIhoee, oof tile tereler Roeieitia. call le e a..ct tracie tocc t oee fr relialli a1 rc'al .arivvi

44 l&-.6. avid it mci-f lie ic~oe.te that these ceraictirv I appelar lte excrev ,c mmit,,e rem~arkablol ad-

i anveel ream4ieicig ilc -Iiie~i ig a heir ;wrterforanefe.

hil %i en rk-coat . there hai e let'' ice tit)tlcllcjet- tot Iicamiti" [lite limit of"
W1114iscijia sto alui mammal lo at peecific eelfavetri *timeilcc-. Illwrc-c- r.r thii deathiil 4e
reea rch ;ap war too lee- lack of4 isaiitre~l tat tilt fis ia uival It-%t-e . noet* the -eieti ifi t Ivcil citavie
Lack id adec 1e.ee lallerateer, aliuarat i- l. ith I% ich eict), mse'amcre this. ejctitai . TFhe tale' of

tit- ecurrent es-tiireweareh is slot at -titable %tihcjet tfor .Ivctclat iuiv here. lot lith.

jeri iili ecel te of ca-.11icli c a He isa-I rtauimewat ic aret- foincidal le. an viii e elitetvie yina i ~a --
lw-feere itvcetone-tahle data are avail[alle %i laic sew lith, true oulfactoery -4s-iti iiii oft arli

asaivai tee ulplane-ai.e vuiiav -iiie-tii hewo %aper loreitire Iciehl at. TNT. hevociit. etc. ~

lit tilt- initerimi. lithe am a mit lie judigedl It, the re!-idslt o ectareftil te-t isa'
d~Iila *11aII .se1tcit tar-e eletse. Tl'h~e~ re-tiltl- wlvi eciompui~aredl jee thIst' ob~tainsed

L% v am hler ltieleticevi wh-ehie ivi the' area eof exjelee'i eý avidmIarvlci' edeteet ieion ladmltecl-
1.1 a -icre i mcib~chjeetiie illw--a lw-ieI 4how much [teo r'ecommevsnde icavuimal aýi- hneeu-

-e u'-. Sim-c!'lcally. muosit of thie-e avivinal ajejwear teo vdeieit a it en high .''u iti iti te a w jel

1-.wctruivvc 4~ Nwg!et !m-useactiee % hie Ic vcaimiaivtici a relat ii clim l f ake alaruiv *rate. Since'
tilw ternis -"i i hil "hi' -miide relat iw li leew' me .cilijeetii e. it iý pe rtilievti tip -tate that ilv
i,~vA ie'ri#,% of Wit.% Iivl cesue re'scare'h 1eregravs n clg exhiltited .9 tpc~jrioleiabi lity cit detect icevi

ande V 17 rlircaloillit% cit 'a lt .ilarm:-ait exe'el~evit jertrirvicasue recoccrdl for aiii delecetieivi
-l-c.ete'eicillIo ;'I je.V offit' fh act that the cecleraset %clsacc ere eeoia illeel ili Arviii

lardi rli;,lwý Whipit are w at.'u'jercee laviel c-tevi-ihlik air-tight I de% ive'e. Oi ie via-i Almp eeesi-
-gie tb.- far ~uct thatl thel-c vet iare vere busriedi tee a elejeth cif at least 3 ill. ftlop srtace eot lith-
Mivne to 4u aie'ra,--e sirroeduinhsg land uarfave).

Ait eviervotcea, heculy oft (ioisfee~ er avieceilealvdalat reIlttive tee matirmsasuciasc eiltae-
ter en iteelitiei 6~ ill releral agrellCIvi .With thewc rrsucllý. and tiewe avieclevdoe, nhitit lIe#
-give'n 4tine creffence' at. 'a w.elcctincu riterif isa. e'.jecialfh sivce' ste little tru~ly cbeejctiie data

are ;erese-ctll availabile.

hlaiving thus~ cheestvc the class~ cto miavnvial' tfer detectiions se'n-ife.' it nre aitcicel
itee eheeese tihe ?-Ieeeitie aviaiiial lec-.t 'iitec lite the rest-aurch perogramu. A~ rreat nmbnher oet

wepera anel ee'cie's ect attvial. hcave leeui~ci iv- i l ejioerivienis re'alted i tee epiloesie delete-

tioen. as Tabele. I cic~ritiiclieacte.
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"I able 1. Animals Used 4n Explosives D~etection Studies*

Animial Number Used Genus and Species

Iladiger I Taxidea taxus
('oatiInuu11di 2Nasua naŽsua
Cioyote 4 C'anis latratis
('ovoteiheagle cross 2Canis latrans X CTanis famriliaris
Deer (white tail) -1Odocoikcus virginianus
IDomestic Dog 83 Canis familiaris
Ferret 4 Mustela putcorius
Fox IRed) 4 Vulpes vulpes'
Hog (Red Duroc) 4 Sus scrol'a dornestica
Javelina I Tajacu pecarn
Miniature Pig 4
0)pO..Sum1 3 )idctdphis virginiana
KactCoon 4 l'roey(Jn lotor
Skunk spqot ted) I Spilogake putoriuis
Skuink (striped') Meph~itis nmephitis
Skuink 0-.og, nosed) I ('onepatus miesoiletcuh
limbiler Wolf ~ 4 (Canis IllpiN

*I \I raocd Iromr (S .Armný StRAIX OM Repoort 2217. *%tinc-lktocting Camnet.." dated 1977-

lit adilolitw 141 lithe fiorel-viiiig -il. the I. N.a~v haii exiierimpiitcol rxten~ieiev
%ithiii Iel .iiea 1Ili IN t 6)11 nmov 0*4' IN orjk el m aidi w the r marinae arn intals. ando I -eeral i lother ag~ell-
vie. oIII the t S Imidi i1@ fioreiot poi~ertiitaiit- are vi'irrentI'ihe, iatn -tll her mtami-

mall, Iiir e~jilqi~sii .ini itarcotitiv deteq'tiuat -enlive.

k, atiwtei earlier, tite ot)i, *hu. loeeni. amtl coeiottrnga ta 1w. thte aniamal nmoist ofteii
wleltteol fi or ieleuteotm01 -en tee. The criterialfor lhiii cip'luce pltay 4 l argeIv hawd ilmo INNP cii

joimi'rather t han rea-mii. sto'iiivt- liaie mjmplurita- highly ititoroirahle- trait.- anid %ery little
4i''a poractical Italitre call liv dlome Ito, invrease their relialsifilt.' 2

Too lit- tii'ftil it iliistý -prve.tri [li.te dieletoor Alioonlo lm- man-Iirt-a.olao! and oh-guikable
!.itti -le Oird~inary item. amid this iopieratiminal ia~raititer migetwip-t the Use (if. a 'small

I 5)ik) 0I mammttal a- il~t-e -eflmoo element. This miniial mutlst 1it tflaorow-matic nitl of
geiiera which (hooes tiot e~i ike moiial vomnment shjimuild invasive jortwwroe'.. such a-4 brain
elec't ri - iti~t]ivn t, Im' ii-ol it, 4, mlt ril I ing it: amio tI It k o'atPeit eaffI It Iip the p' iii aible (1o'onitlutiqoil

that stinio' %mtall alitratiir,. imiintal %ioldI lop jideal fuor thi- typie (of service if it could lote
i111t011 n'oo h fuia vio4in as at senmovsi fl~ tvi'ii

2 1 mi,,olir-tI v. I Foir, 1wtr,,,.ooo-r , -.uuol w In -ii ogrnI %, im r -1k 1w fjo of .'io'iro- .foran .Oo oldu.. 1to, oh,. 1;ww ruhb. .'r Am, fisrn,
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!I i- Iti ieiit 'lI Ii f i m % iti t i Ili itIi rorl it lutor liti sif at it lit tiIdIil. II iti ratI. %,, i i II t irsiPI it I,%

isa. -un r ieti - it it iltlllldi id ii a r( It rI it I %i isevts&iimei It. lst aeirsiistimaiv vafiaiiliit% Ill.

rat I evink .. -r , feet to . igt iite. dit li I 1 iltlIIe IIiii I f il ht iorersin Ii b iie cIii . I I Iit -ire i- c% i IIvIiei-s

Ithat a ik l* ant. Is v 'iietfesisI rat call -tin ie fos ir ss 1,'1.,1 riessI,- ill it- iiait sr I vii-

I lrtilllls'lut- tea t 55iha1.ii mli'icluale'i tell-id ilt- thesilevr ollsiviliitt.

Il *..lti i oinitiimi I,, fit-II- It% I it tleti-i -ulieji-lt I- imili-tip-;irit rsi-reisilmioiheiiiti.

Nie-u -flelle -if4 rat-ý it-el ill li-e;trvIi drr idiea! -hice a tromeiiiegieiet diiirov ii4 iii-isro-t-iwiii

I aa- rv-git I I I ill -t raiin-%I it -Ith rerit r '-mraI, I,%iet Ilike liesit It ýriiastiuralI%;li, #-ii i; e itise if I Ii."

F41141%% hil, Iliki iie-is. Ilth, rat w~ilde \ itlin il tue- 15ee- h pr~ )aI% It,. -trailii

litilimloiei 1%%il* rut-eli fitr till- ioerk. iili-e atimllak. %dihut aidiiit. aii ie* .1llimi*IlIllllI

Is ill, ~. ak t514 ' mtill .5)i itisihi it iitie oil' alimils 21) cmt. hawl a rt-latlieh ojiesilte

iialasrc. mllIii iisilviltc lies iiiii-ei mit~itrai i'sar iilldima. %- ill tihe ca-e. %% itit llliit Rditiieitj.

Owt-v dimiiiiiui e~iiiiit liet affetiseliIl tss~idlii l fit- leili 11114111 iIjlljllI-. aiiulfithere i-
--viirdik .it ro-ipjrsicai re-pssie sellti lilit, setlll Ibmisiii -apilell-. liii- filial tastier i. I,1

a- -ii-illld iil' ljpsirl irili lman iii eeriier- Itoe micstiisii a- at iiiisti~ci~ii-iteu atii till-

iispliviiellse call evatiws -sriieis l~shin li ill .i1-1e1 iss lt-lit. Forl evaiiieijie. if tile rt'tilar

hiandlerii'- mil .1'.aiilable. mim idilt- 4ii- 1i'iltr re-tii-e- tee wa~rc'i ser "iijs'itsrfoi -it fismed' tha t

idili id er eIite lie- .Imni ii' emIc.itii'-.sosi hiliii1 1-1114 ites i(Ola Iire .oo i I II halgieiiaeI- is, i Oiiisuu

lire-criissei ls'iuarsi e.rvillllllii i \nruii% testI-. Thi-ii- p n et lterhanhia % at isfit'i ii litte- flss'i fell

tilse part (,I* tile' luild ler. lilt[ it i1siit'h,,i iediite all simrei-esi fals-e alarmn iirteheabiiiit tiiiriiig

lilslig to.-t -tepietisi'. -illves Owi dw_,.- -teethI nsaiizt'il tiLal remiarsi iia- toe ibe ifei'tredi at vae
'lent -iuttlld e~ii' ifte'' slive ia- ills taruit- milis-tlimc.- lo'e ut. Thiere k- mii ti'iihrss' tiiouanii

this ititimiriv~i-r i'uuantd- iisiuui dieI teaw i ,I' iii uit is.tliers. ansd rat. ties lusrt a~pp-ar ilt

eili-_I iiti ttiii eetis''i jitili% isthial Immalt-. -is Ibat ti ri Illvo s not e ;idewi '.arimli' ill pierfi-

ma'ii. oo Qliitv% tumber cot' iiiffioil. liiiel tel ir liiid liieise-lrisiliili rtk'

Illoifnir a- Iti lilt* slaliri o tiple 14 -itt-ten p wie'- jiitetl e41 ill dsefectionl elf thur targs't !.ill-

-tale iý 1.11 t a illl Il- l t'itat tel tie ih is'tils. mids litte sid tmit nieiirý% eis~I 't as to th iii -at'tu

siti.M fti~ ire seelieloo-v. sir pnenssv-v- ;it %,osrk ill thin-i atitu ati-herinvtivo.uih% 4Ifws--%Iiuhin ii
,uetlttii itte is-1-ll toi "Aimelnimilttf4 hi-iortee

I ,.l.-,..l 'gr.Ir.r~lr, a., l.aa.traa.aU lrr,,.i..... l a. Il,.. .',i ' f Ow ...- Tt, r aw 4 ''f''rutn.l
ratl~ I, I. rar.. . a. i. a-l.. .. a....s' ...aaa ...... e l rssen, ll,. te'teitoa ilble' -te're',-W w eAla.-
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It is fliffiffllt aipr mm-ilt fibse'l-Av, 14 imiaginle that a -fli-irI lnitfflaitl it~lil-r thati

fitI 'cii lttffisI ill f 14raimii o Itirin~tie-, ts % here I thre are Iot % isia1 Irvutlt- fiII-I.,.lma I k It-If

ifImmal- amid %% here flt-e largot eimiits 1141 s41111141 (% indent t) Ilmilliual-. 1111 the veisltlice 4it all1

mwirvco4gnl/~.t-, -4Il-ffr miffidait % ill certailln ailluinal- iimiil' lorile at I41.1 a- plisstihie. il il l.f

liktlIN itint, flte rf'e'lt il lisffler* 'id elvitrical gradlient ýeilipr- in -time tm-lit. %I jore-elit.

li~ffeler. th~ere is Apolti-Ivl.%lte, un crrent scietlfclhijiasis fior such it aFiret~~'iitiltt l wc- 401-f*i

milmllilld-, Oine m1ight specullalle that mikiianials mat, halev a miaglifteelic entrl modilaitl

-iimilar 1ff that 41 mis~lltratefl iII jfiigf'ff. bilt 11011, off 1. iles daI lat a1%ili abi.ieto date ill-
1ilnate that aml illait''letic anomfualies are, caused 1 tloe flit-resence if ir s-miall aflitif l' f jImire,

f4lf~e1ff an N k jff. Ntor is there anm % 4letetalohe feletrisltamtir inhhitiene v\bloilfeol 1,l
Iie-e -sbtmiafee. Iin sh~o irt noleet rf imagneliftc di -in riiaii.te vail Im4 alt ri Ilitltf t4Iti liv-, 'a111'

tiifllar vna--f' 4i It-t targe! s-illf-tadimf Ill ltale-ff-the-arl minstrummieltatimii. biut theni. ill

iilf-. fl-f-.stae-lf-il-ar ;hl sifik-chlemlical ili-trlltleIt- calltit detect taruet- uIIlflic

anlimlsi cail reaflih Ifitilt.

The arg~lmvilka fLfiritlg 4iifaftiio as 114 imii-de fh1-4t.4tien imifalaitI are rvatll milf

1111 nh 1114ire Ietr-mti si e Il alo tII mm-e %%I 6d, vIte it i. itl late t lic hik I i it 10141I tff .4ime1t4 %1 -terif il

miiifalitltf I iliwhic immilall- are 1141 hjfI .i fielr.ftleit- ae4fcretfifliiilili

falfion I (111%41 ()[Pill iffis i t10 falfir filfactifi ai die iiiitiiiiiatlt. .sf molfliti- fimill. -enlfir%

timilill'I lis-I bN v\ f'0 s deteefing a 1111a hi n itsehinsirs. anf f11Ilit r-e reserh iv as str meturii e
avvtordltingIl. Thie joerffpifhalmic 44f till test rat- afijicimlS 1ff attest 1# lt, tileditlitI, (ff this

ne f111il. f* 511141 tilie test stil Jec4 rfeadiuk dletf'ftedfit tloe"J rfsIme ifi TNT ;i P4 Ir ill tlie- lotioienf~t

i tf't cave) air. atilf I e't lie% "4ere at all time I ohe .~ -seal II nimeoi fI14fll f ion lilt test ff414 ranlt

sil ib ane 11of,. illa least I1.5 lii ~t Ii tim flit-mil1 f4 ileet la ole ropimnmicaiit i betatillIft weenl th11' -ibi-

jfftI and14 the target subsI t anc1'le bint ml ffit at 1144 ie air stra tf d Il~tirectedfripi rth111le 4114irianti
iii it ii 14f. Ti faciit anrgiles sI Ef i g v ffI'm flie- si hge de4'fec tifn inid1f a litIN of of f1faftitfin. at hfeast

in flthe case iif rat-.

(. )t1fatinn. A phyls:fl4wigst addfressinlg it ortitj (if mefdical stndelfýht was 4move heardl

to) dI4ftlle Oilfactifon its "flit- vactlotli 4if jfvifsig. nh -ait apit deftinitionf as is mliflelt

after a 'ew hifiirs* 4ff cursoiry e xamiilattlfl off tile r .- fereltce material, tcitet in the
bibiiohtgraphy. The Itteratttre f4 fdfaction exhiblts a striking c4imltrast It) a simiilar samplinig
4ff the' -works relatedi to visuial phlysifdigy. Thet tex~ts dlealinig with olfac'tionm are highly
sjieculative in nlatture andl~f endi 14f 4ffffr little emiiertte evidlence a.* Ili lthe nature (if the
neu'tral Jprmfessting oif this c'hemicial sense4. .,Alierf'at i' urn text ingemneral phyioV~igfIi

will define lthe visuial 4svetu'i iii great dletatil- llmffrjiiitiigically. and4 may evenl delve

sfililel.hat initofi th- stiijective iiatutre fif thie \islial exjoerit'li(e.

II 4f11141 salp itenl e% f i Ifl t vI I I I.\ If I I a ii a 44 vlevi Ie elf ihilit if r fiill 'dtevi ito ti f adI. j ft I isif iii

it, its 4lImniltatit semisfrN lmiffality. andf thou. \isif llit'tamin' critifcal too sjievivs sir-ilill.

wh ile heiia ritw~. ati'l t ilsl Iif ff14'r m a nam. is Ini1141 less si gui fieanl [tof sllr iial. andf ldfaf Iifimi

adll nvglsatif mi are- Iiierarf1 1i4il~l 'far iichfiwA atlfitionf its sturlitl i sift4Uivane.



The order of survival significance in man is also the apparent order of research

,,ignixicance. and thus the relativelv minor knowledge of the phys iology of olfaction i.

understandable. but none the less distur!.ing for those scientists invoked in biosensor
detection system research.

There is little nmerit in incorporaling a profound discussion of the current know-
ledge (of oltaction in this relort. but a few observations may lie pertinent in view of the
fact that the rese'arch team collectively prls'umed olfactiwi to be the modality of det-ction

used by aninal liosensors.

There is much controversy concerning the absolute sensitivity of animals to

tmiorant stimuli. One philosophy holds that animals-at least macrosmatie
animals--possess an inheren:ly greater receptor sensitivity than that of man, while
another lers-iasion suggests that the basic sensitivities of all mannimals are simila-, but
that a vast difference exists in p)st-detection signal processing.

"l'hose who embrace the concept of inherently greater receptor sensitivity point
out that the' olfactory mutcosa in macrosmatic animals is far greater in area (when cor-
rected for body sizel tha, that found in humans. They note the presence of the
oinieronaal epithelium %hich adds to the total sensory area in animals (this organ is

Sestigial in man). and finally, this group notes that the ratio of the mass of the olfactory
bullo and the mass of the related neural structures in the cortex and limbic system to the
total rai-olfactorv cortical mass is far greater in lower animals than in man. The prin-
cipal contention of this group is that the greater mucosal area equates with a greater

probability of capture of odorant molecules at a receptor site, and that this fact alone
could account for the apparent divergence in sensitivity. Some proponents of this concept

argue that since olfaction is vital tif survival in manv mamnmals, the process is further
augnlented in these species by receptor sites of superior sensitivity at the molecular level
of environnmental interface.

Certainly one cannot argue the points of morphology. The ratio of olfactory neural
stiucture mass to total cortical mass is indeed greater in macrosmatic animals than in

man. and the receptor site area is certainly relatively larger. However, there is currently
no conclusive evidence of superior sensitivity at the level of the receptor proteins of infra-
human mammals. In fact, there is no universal agreement as to the nature and function of

the actual receptor sites, and thus, arguments as to the relative sensitivitý eceptor sites

are somewhat specious at best.
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J u-t ~i, thert, is nit arepeedtii nmodel for anl olfactory rereeotr. tltt-re lý akot-it)i

avre-nlelit aý. to flthe oatre tit anl oduorant. (her tht [fast retitliry. sel eral jironisiJ~eltt
ph~siitoi l axe, atterliiited' , % itloiot ý-uvces to cla-siho odlor-. Some si-eictist'! l~ia~

torttinw, ls a rgniei t Iat as fe saifh fnur Ia, ic o114ir on coul acco unt fi r all knm iin oil~fai -'i

ii lsat ii in inl mian iiice there are- st ii isei li only fo ur basitc gus~tato ry -t imo tli. andi I Ve

flanl (1i.1 nleitif% thousndisl oif inslividna! taste selisatimis. ( ither opilnimll hase ar~guei

that t here are 11 mi mi ted i muli11111. e ach uof it diifferentI natuire. %ich ii jll it-holw react .d

set of lporos-i)INit ideentieiit receptor protehim. inl suich af marne fr a, io prorpltit-e ishe % ariet 4 of'

ni4- ,econil Fhilosophyijll nioted aliome has little relative concernt for the lt-act Jprocesý
of st imultatnion * anl ho ldsii ,implyii that tilie rev--p(ior r~itechan ismt is moot1, like lv the ýa rie ini

all miammrrals. hoiiever it functions. arid hience all houtild exhibit [lth- ?.aie 411-Iit ii Is f.\-

pire sm4i a:. a aiiil fractioni at the receptor site. Tthus. man -!till other animtals Inad% lit- efijlid

ill aiiility at this poiint in flth- oli.4fjo~ry systemi. If this ks trite. then flthe hiasi. difference fil

tOic abilit-y ofi man and liacroisliatj(- animals to dletect and dtefine anl ijitrarif t nrlt lie en-

ti rely in flthe iattire of tile fiost-detectioll signal jbriic"sirlg Cain'"1 has elabioratedt anl ap-

pealing simile wherein he likens the ability oif jiavrosnlatic creature- to dletect and nien-

tif% smiells to man's ability toi visuialize in a cuibe anud then to rotate this cube s4i that a
Mnlital inspection oif all possible aspects (if the cube relative to its imagined tili-

% iroiniient is madte. Ani antimal riay wet! have the abijliiy to examine all ofactlory ý-Itinltlýl
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Ini thi- al)-Iract itunjier it noili CIii tliý eali- iii exewiwe all, for uiwarI% ill. extraneOu itilftt

fro lit i it ite It wr eit en N ir4obit etit. Il)r. ".i uit- st1 io dated uluItat -tich Ii ul-Iract ioi itIa% wi the iro -

Iw functimi: of tOw lar.ue 'slfacitor netiral -%-eil foud ill macn)r-niatic atimimal. 1flu- 1,41l1-
cef t a I I I%. ý- rat itona I v~planatiot of thef lictii",r-%es iuanetion fal alsilit% tof animalt (IktoI do-test
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just iiiimitln reachi of the -Iitimnisi treadle. Nlo.-t re-4-ariller- agrev that .,- 4 rule. nosthiiii.,
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LONGITUDINAL
FISSURE HIPPOCAMPUS/HIPO HAPPU AMA

.. , HPPOC MEDAL FI ALRMU S

VENTRAL THALAMUS

POSTERIOR
LATERAL
VENTRICLE

THIRD POSTERIOR
VENTRICLE MEDIAL FOREBRAIN

BUNDLE
POSTERIOR

HYPOTHALAMIC NUCLEUS

Figure 1. MFB and liadmark structures in the vertical %,,btaxic plmane.
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'i- firilq'ei fresont Olw aieto-i'i mitgies ielulieatisllm (if -iell -tlimidatisit stbirimi, lsriai, ll rer

I- moit -strlori-iist- that re-iatiltI if little- 6~ kiwtoul mm sf it- 146-1.t- si1 flit- Iiiilslie--te', 14i mlan.

Aiuirk is .us'sin lsiodifI ill thii areaI ffurikelis~ itmo re'a-emi-. mid flit-e ctirre'nt Ijitttatifmsil- 'u

i..fioru.atimin lorre'sIeisl ex''tie'll-i' offilrsn elfite- elfest- sit atiiinal israiii t-e'-Ii'rq)I-giitit-

%%ilt fist-e limnitt vi. e -Hrivise*. h11t ill tle' liigl 411' allH iase . ese' sa (fil -t eesallsni'

ti Otieson i- kilse Inmaita esrrs'iats' tlo flit, enstjmolimai v'fiest- %%ii st israuii e'ie'etrss-tilntlml.

-wilcsrate- in ll' fit- jo ssauro- 4 eivs'r oilfi.' the e'e'alle'ei lei't' sui-r imim .6" It i- looiintle'.-. thea!t. too at-

ts'mlstt tep emtier-iatiql tits nature' ,I' life- s'vsimplin rs'-u-tIa I ren,, fm flt-e particuslar essaisitjsmiingu

-taiii11l11- l-eeql ile diti- *e'ris- sil '\ierhl~a. butt tie' i % jdsieii'e eel* iii- rs'-ears'h. ineldiVsat'- thatl

t~l'rs're-I 'n-w life- insist si~fi-tilfe' im'ital i'sral resnelut ie'mjtt~ -ti, ealu li- fior jiira-ieuma,,

miammttalI- % e't elsslter

I 0. ( 401elsil4'Ep of E l ec;t voeii 4tE'@)IistaIlogra pht. ''li IA- ejlicriltiu',tif- Ifailiiiss tilt, isstrai

-ligmal-o ttermaiak isbtfee -ei'ieeee.ai.rtt-gt i llhu thii. elwi-ti-timl %% ii 11 14it

e'~t',a-~ei. e'inlrae'e' eiarre'ut Iltilserie's a.* ite the' niatlnan si the's.' -inital-o * Is'e tiers' i- .ei liitt~

loommii i I l in tirtjara that af Iajeiri elim-eu--ioe m uitild amimlli tel imere' -iwif'laiolsliie t a1 Ill~te'

Vil it It sil 41fast jel., T1111 40tti I lielt-e HI(- isa-u' aoomi lo et- flit the.si ijeet ,arv treated. herse.

t61. l 11 m If IIto-' II.&. 'if l'ls'ssro its R.41i;4%I curs ýwr"I~sss els me -I isprss It ifso Iits Is iii '.gsst roe-1:s m i 1 .lisssis-itjiI slse'l is 1 tiis
diiii'i. ii ssj f twsill andil~sel is .0 Io'-rr sw o msssritist -eussiistisis . .. ..,.. ishow,, tA.. sans, 11isi .ljsisss mlss

,,.f lifs r-o,iorl hlii gs4iitis mosis ri-ilt,, its is'55 lst ir .lpinsit~isissi iif t~i sll sl J IMA ~ i.sl~li slit ri--raI is.5ispha45,s
5iisi'si S ols 1sst li r.Is- a~l flilt',""ampitei. r-ssl din'! 5 -Iaisgr is1 sr555'5ii (rai or rslgs'



Iwrer is liltie it' -Irrei~mile~ amiowl.letr esepi srl.e~a it .to Ihv -4111- of f ilit-

-iiriace. Iiolf-ilial. i~ ich cipmlllris-e flth- Eli. and fltee -an.i iag~rowtvi-it oiii Owe 111 atlioi .i

lor veiean Owl exi-telae 'el I rint viral [LFA . javi-mak#-r. It1 istertain that tfel.t- EE vlet-vrmoe

use-d ill thisi-xe~lmrilawi piiikvil iIlo flit- sImllit-4l aIt4661% of a gwa~t tioiiiiwr til nlloren-

iIIitherv are- ileI mot 1 5 \ 1' neiarmnn I mr squa iitre it 6 11; morr sal cortievikI surface- I1 arl %i ii-

I)f tiw niai iif livorit-- %% hii. ait-mle it Ito #-\Iihaaii the si nak tic.11 a ietar IliiI o di min te

Ilite, lateratm ii re. t Jns* a.ale cl ea ims dehal lie- apical dritiilrite-, and. ammsof1 f e. irtlevaInl ttroilan

1411111 mot c~aairileiite s-i-iificawk li te flt- FG itivee flt-e smail hiuamit-err of tho-st -trnistlnre

%%eaga ldiie lovimir cIa rge i.ia vitiri s re il flt-l et*\raselI niar fluids. ate it-irt feleit-e iii npies

lormotei %mild1. lic l%etak si-mina sotiriar . il~i1eler. artaorolin,i tosh, fliti-thor. the acti..ii
JloofIteialt j gI iie~ra tel fliti fit- somn a at flthe avm in llock.ie are cailoiltle ill larp- ion an rren

rele-aste, Tln -sina spiki i! smiall. h.oovel er. ail EEG F haw e hieei rf-vodr.-ieo I when amn-slie-,i a

1ireclnioleel cortical aviin firitig.

'I'll#1 oder domn idnan I the.i or% is e.swilitaill II( t he eissi rse. atisi Ma imn thiat apjcalaI

elendrilt-, of lthe pyramidaal v,-ell ione thle baic .41ie trce (of lthe EEG. Since mos~at of the-

piiranijeal vo-l! lpoiot-lit-.I inl esrtjaal la-ser Ill antie .thu. ri-sidliii, .letmrifte- are low, ald.
1*4011141 Ilie i ff sat l e e Iilila ls. ~4Nile re-eoarc rl tam ci- la im dea fiat- tIEEGH is flit- rtsid It4it'

jiossi n~lti jwiteiials. bobi11 4-watator1 mida itihjlailory. a1tleoems.;eIn fli~th- 1 aramidala twII

soilnaI wnd dondifi iilrt j' 1 .reijst o. allt it thee -iscul so e- -imitenc.ihotajinm fromnt dciroewit-trodoa

.eaarnj..lrimoil. of coica i~l oell !.ipii.. ui- 1 sii -lfave olaori activl it %hieli teiui. Ito. stlipisi1 thi~s

laitter coocellsi.

'The- v~istenee uf it jiart-iiakir v41ibia mitght at lra~st rtend Its, yrif-hroitim flt-e

Ewllr Pos a4iptic Potential lEPSl' for hiiioPost S'~tuaplitj Pl.tetxtjia 1ll'SI'i of

flt-e ilpramioilai sells has nfot lel 4-tdiilj,.alisedl ili14e4j11imi4alli. ~ol 4j.1ift14.4 11jt. tha
%44111141 sit~ifvatel u.itie4,~ cort jal rhNihtlin. whijle- isthr (-, i.Ieiie. arptes' foor anl em14nial
-Olinre some14hlere ai,.i f tlit- roi-tral e-nd of Ifth lorain tswil'.ihie thia~anmu hias b~elwn -te-,

il'tel ',Ili*. latte-r jnlswillnc is a ijkodylotItis~~. but 1111.- raticisale is largewly haied fl iti shfeer

Tihiis. lI jtt l of 'imliifivaine to1 lthe p.rograml w4as gaived fromc aI ratlier e-mt-niise
n-%ioi4 of lte.- lifterat itr uiffeetseephaorjl It I.- nit Iissib~lie to) sitwwt a soulree

for anl kK-C in flth-, li-ght of ctirronti knji~wlfI-sig andl it is nout wae"a14itbhl Ito JirestlaiiE that
Nflrther tininglt rohld ~ag i.ta more, oplitinda alpprotach. dian that taklin ini this~ researeh.

~lleenwrlval kn ilegeof !he ciatim-' of the EEG isIfo sltar .fillative14 to m- com~e reali

tlite, valteg. on f sejent i fic fact.



I11. EEG'A E'lec{trodte Silt-',.. ic (ite 014.of tlhe tlijecti~i.. oif this experiment iwas thle
e1tivilation~ of all anticip~ator% e'~okelI spiectral chanige in the EKIG of the conditioned suLl-
je'ct-. it Is appnarenlt that one( Of the moore impoirtant prelimiiinary considlerationrs % as lthe

lot'atiomi of suitable EEG L electrode sites. It was c telent that the bes.t svs~tent signal-to-nioise
ratio could hie attainedl hi list- of direct ind~llelimg cortical electrodes at appropriate sites.
lol nt lii - -411111441 ttt'essa i 111141 jied that suiit abtle 14oiat0ions %enr km iwn a priori. 4 lIt-
Sioi ti .. til'ik %a- Illt thIe -itu ationl. andl t Iit, the um- o f coticaI 4l tiicrl wlect rl esI' %ias conIl-

trainllivateil Iievate of thet %er'n smiall area of neural ti~ssue whic h %%(Pill(] thus het stnpjdv-
inl,, EEG; si,;tal-.6  G ross imuilii cing cortical electrodles w~ith all area of I muni (or more
%e~rr excldtnet becaus.e of mnech anical limlilerns. such as colr'ieaI abirasionl or avidioil.
%ihich Ao ould ctim-l w ile-jlreadl necroisis, with~ consequtent signal lossi and possible brainl
11%s funct loll.

A~fter dti14 conidti~erationl. it was dlete'rminedl that. while grliss electrodes were liest
for the' puirposet. at -jipra-cotrtieal. loc~ation~ would lit-1 idleal. since this choice would allow
foir -441)14 lim ited4 dliffu~sioin 4f thle clirtitcal EEGA sigitals. resulting in coirtical signal
cliierage oiver several 41tilare millimeters. anli it would greatly facilitate the implant p4ro-
vedllrl'. while at the samoe time, greatlv redulim',t tihe risk of traumia and infectioa. Conse-
(picaknl. anl epidlural location was decided upon and onl,. t'Ve choive of appropriate silte
:isirtlilates rem~ainled.

It alppelared'l*hat a~ lirit'tal lot-atilin miught be significant. since an electrode
'it thi, siltt, ctinlel he p~ositionedl it) detect signals originating in the centra' -sotKiationl

areas pos~terioir tol tile Icentral fisstirt'. If tile anlticipatory Cevent was a p~reludle toi a motor

e'itnt. tihenu this Ilocationl inidiht. evidenc'e thle highe st signal level, although the diffuse
lnature of a-s.iitiative signlals was known to lot' a probhleml front prelimlinary experinIent~s.

AXt least one el'ectrodelt rcspohtin e to liniliic systemll activity was desirabl e. but

thlese area- lit' eneralb. well belIow tilt' cortex (abiout 6 it4 8 min11 inllithe rat). The best Inca-
lion w a- lctt'rllinietl to Ib' directly above the tin-gulate gynas antd as near to the sagittal
fissorl a- potisibile. .ni tetectrodle so positiont'd w~oldh assuredly pick uip signal (originatintg
ill thv frointal lobest'. a, well as front tlitt' nioltorareas anlteriotr toi tile centra! fissure. and.
illiforlltillatt'l . it would peick ill) mutscle artifacts' rl'sultingr front eye inolt~emefts and front
mo~ltionls of the, fares occurring (hiurin g sniffing. Neverthteless. itt a brain as smiall as tiat oif

the rat. Illere -kr4 only a few choices oif electi~ode loc-atidn, anti tile eletrode referred to
hert'aftertas (the cingulate electrode was placed in thle closest site attainab~le with si~mple'
.nrglery.

lbit. -myaill triale 4i -ixttat c,i1llsii i Wititd "4tlin'ti. 1wdmli-t hulttt lrnI 4f [idil. ll~ing ih,rlwaultt oi .tmibp't. inl twdrrI.

J 1,1 i ll'tt . I i lr w ..,AiillI Iill I .-wa Iiiost. $,tt a, ~k -I aA % a- lwsmd I I .4ijwi .4 11 it r,-i, tril
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After iflet-rinliltiiin of :!.' o principa~l 'il.it %aý dt-ttrininitt't that mic4

eleettroele- locatit %41~as fasibit,e ;it lthe- occipital are-a evema il~lolmh thi- zome AaU- tlhouitht lie

lm- a 'oiwitumaikel% locatiomi for Iim i ii i ot igalsl to4 lit- (titectc-141. fit all iitiie'tt,. this itt

trodee vAas intludie4i ini the ex 14erinit-nt bv-aieeau fwthere as !-pate a% aiiaiile at tit; al~f-pt-ciiaile

adtitd~ risk Ito the subjt-ct and sinee lthere14 %as a remoitte pojibiiiiity oif !ollie ?wreidiipitota.

ret-silt. rhle final electrode- lot-ations are- -hl4io in [fhe sketch of Figure 2. The apipropriate,
brain -tructures servedI bv lthe three EEGt elt-ttrotles are tiepittte4i in hgure- 3.

The lIt wation of the indifferent elecirod~e evokedi conlsidieraide thought sinict anN
loicatioin is 1", than iotleal. Nitscle artifactsý can generate ser4*nos EEG anornalies and

gre-atly uapset signal dalta anal,.sis so4 44114 must cho~ose a lotcation as free of large- uiiatsle ac--
lion potentlial signlals as pe)0siiile. The electrod~e must hm- sufficiently dlistant from inu 11
,ignal t'lectrodties -4that the returui Pathway is not p4roximali to tile signal pathways. Fuir-

thjer. the electrodle site Imust lie structurally capabile oif accepting the t-lectrod~e Aith

muininial danger o4f aeccidetmal flislod~goenilt. and certainly the sitt' must 1w4 such1 that tile

electroite po4se's no4 timlrta to4 tie sumrvival 44f ltle sublject in the evenit of eie-ctrodtlc motioin.

:tinsido'rin-g -all factors. t lit' Ilasion~ was chosf-'n a., optinmumn. or n14're real ist ivall%. as tho'
lesser of all evils.

12. Stimuluis annd EEG; El'ectrodesi. A tirvey oif m~ailabile- fi1'ytes eviffelct-41 the- fact
that 1maivn of thit' comiiiiit'rciaill itai lalie 4electroilths w4'r4' tai-uitaible foor 4'hrolii4 birain im'-

plant s4rimct' -ince, eithe-r tilt' mate-rials used %(ere touc( 144 neurA ltis-tue or lthe elt'ctroldt
41issovt41 st'4 4 rapiidly thIat t114' inijlanit %ou4114 lisp( survive to ltie service- lift, etfxe4'tamNc (if
the- liiiienstir animal. LItl imuatt'ly. [lit- cho~ice was lietwet'1l platinuma a1141 slainlt'-ý- stei1 .

6
7

Stainle'ssw mtt'e %a' -4'Iect4*l ill spite tif its ralther high thrift voiltage- lbt'atlst' it wa-is available-

ill man% stand~ardfl orms. i44'catim-4 it was rt-latively inexiosensive. and leecati-c it is knom.i4 1to4.

vaii-4' little tisue 1i4'tTsiss inl chronic~ inmplatits.,

lDegadoi68 rejitirtet that. aftt'-r several mItinllis of ch1rimi4' elt-strwt.4i4' imjilant.
iie4ropsy 4liscloti-et dial~ a thini glial capisule had stirromid~~ed the stainless stee'l M'e4'trttlt..

liut tihat thlere was no eviden-tie tif local ex4'itaililitv except at the expotst'ti m'lid of thie dt'c-

trostle. Further. the-re was no local oir genrral irritationf and nonetu~ral 4i4'gradatioin beyond
tilt' flirev ' path of lthe eltcitro~iv. Cooper and Upton"~ ntited that in buttifian ('ases of chlronic
4-erelwielar stinitilationt for pieriodts upl to) 5 years. therei was no4 elini4'ally v 'idt-eit ilistuir-
biatter or Signiificant tissut' damlage.

6H D.Agad.,. J. Mi. it. hrI~ra;ln4Idi r. ranrrt,,.m'd stiittlat~gin of ii* fituin it Mass.� In: sitt. W. [ I. fedi Nmo.sr, u ra.-eTe.;uuI I,1t,,1

its Nti'.Iriair,. Nits. Mam Eple-ib1 ,.~ met'rt!, Park i'n-.. Itgliigour ( i9771.

G~q.I. 1. S.. an 11 H. MI.. "t id Chroi 0 4 niniiar %litutilnat...m t,,r I i .oin,' l (iii 4 ii~t~n L.uwmt5.1,401 tO4u~ 1107 1.
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•IE: SCALP IS RETRAC'ED
.3 FOR SURGICAL

PROCEDURE.

BREGMA SUTURE
SAGITTAL SUTURE

I.AMDA SUTURE 01 RETRACTED SCALP

IDENTIFYING EAR CLIP

1 = OCCIPITAL ZONE (EEG)
2 = PARIETAL LOBE (EEG)
3 = CINGULATE GYRUS (EEG)
4-= MEDIALFOREBRAIN BUNDLE (EBS)
R = NASION (INDIFFERENT ELECTRODE)

Figure 2. EEG and EBS electrode sites (trephine locations).
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PARIETAL

PARIETAL VIEW
EEG

CEREBELLUM

SAGIlTAL VIEW
Figure 3. Parietal and Sagittal views of EEG and EBS electrode sites.



*I meai.ter IItei I Ie paitir il it tiida.'tire, II Ii ibidliv P~ro hid t-. ltin.. hich hlad lovirformea %.I Ii

litil, tex.~ol-rimi-eI- illt *-t er rr-wa.riher- %b 1. ~eillii.r 111ph4e Oi- ir i bii~ ra in 14ectrodr he
i i r itI-. ThnI ~I I--14it .it I'iii re-arvh jIt~~at ItIhere W' a- 114411.1 eivie 4Iif I v it)II ,,ivil 1 4icd ~if I I
r.'.ititit fromi thilt- 4rq~p.'r 11-4- if tliii- ceietrodie.

Th e FIO- v~ieteMIride, tite imlti f e ren t eleteiIrod~ e. aiii tilt F H; eeviecrods~- W4ere ii 411

iiecte.I ti tilt apphropIriate. ml-Micrllrt ii. 4 ,io tii llriý.izi the -,i-cait.~l k.idiv~ialp comel 't.r. Ihij
aI -ilecioir l- utý diio tatl Iliu e IriuItit uieýire. .itice it ntlihzed i threadedl mating coteclouei.r

%i inch i.fteii reijtiiireit extr~iil.6 tnsrfitie for remuoi~at. lii.~vter. (if all[ a~aiiable voinhii-ctor-

Ilk ~e i.ii- % a- thev 11144-iti.~. amntionil-e free'. milli limid~rei- 'if hotir-. of uw' dtti'.eit

Moi~do4I dif iiile El*;~ I'etti'rioie vant im-clr -hobietl tilt electrmnle -ktaiievaj comicftetllr

.d.4hictn froml the -knitl: therefore. e~trevne vare 14 a- take-ti diariwr,i -tiraer. to. a--lre a firmi

lo.i-IdItI.- Elft thi cii-ecletteir tie the -kiill (#I-em paragrapih 1.3. ,sir,64-al i'roo*41iire,*). lit thiiie
n'tanie-- 14 here theit- (-.-n.ioqte. there ell-liel4i wwen hraiii tratilIit. tt-uali% ret-siiwuii Mi

epilteptic -owit~rd-. oftei'i 14 ilt accompal~itie II ata\ia at194 ioizarre lhdialildr. 'Ii: iet-..1jtt.
%Aer.' vi'thiatiitei -11iwe i*.rnI r.ximenimient eit- P Iid,4'ti Inl-rnaivleitii Flie'tiroe.~ieat 4tlikelage -. itih

1140 114414.' ofi a1 -Iimi-fi iiiqieitraialctrai imlaidt. Forirtl~iatel'. twko-f amimual tloperalei'4 Owi

-i..ittea b ill lit afell .tteuillpteil(4 4h'lt 1~ tile it- vat ilel v 4rivioIoortimlit. andu Whilet
*.%, %rene -iee il it tliii- art11441. at tm'a-i fiue 14dirt hi-i -iiii diite ill tie-lt-r'trji'

-elleratedti nIIrimfille-, Owi tie aiting~ -igtiaI voisfticlor.

Siltiv tlitre. 4a- Ito4 ~i Jorioiri kito~ll tlnoif id aii 11-tiifi 4eil1i1-tir %1114'11 lill-_'lt l1-it
likek -'oisei of tit(e amicipijetior -loo-vtrai chaiui-- tihe il-v if mic.-riwectroiali- tor vwvei the.

I 1-mil -tunnuita- etetcir444lb -i [i-VIA piiktipj ehIvtr,'o4I. lAj- voitutraltideularit. %t- tii'tedl
earlier, i la ir.i lc-v i iii diurectco av Wiliit vo(1 urti.Il 1i ti-e %4a-~ ilee-ned ilka'i~ikiilif..

a 11t 1 th-It %%it- litrnedthat aim evletriete %4Ithi a 4edefltat arma il I mm'a or wiw-ter.

011-14 olii th .irfac.. . the elmitra mlater Wouhldl -er~Ie alt~itiriiiiki For liii- ,Eterpoid-4-. ait I i4E

treie 1 a-il ~ %-uit h 141111e.1i-tcd'1fa -taintie-- it-t -- itfill411'1f -takint'- . t11.0

%nIiret10-mit diiametei4r) tie 1i41141 ii maiiatuui conmtact froimu the i-ii-etrtitle rap~ l;I. ak'ill IAOleli.11

4 lc-rih.-fiI mide14- "Simr vl4~ iPrim'ClErdin-. th -cre% delutroime- %eri- t hreadtedt. hIt -eif-

tappIiItig act ion. into the -knit ;ir~eimima 14i the criil ial awa of iuiti'iw'a. til it dIepth Stiff .i-

hildialffe-ret .-hectro"ttu %4a- a 5- i-utamnle-- -tiut roll %ldeiole ti 11)-Iill
eiloituu'tr -talillic- d-i 1 %ire.. %hih lil Itirit 14ý ue iiilei to ill thtl eaI illf;taet. Iiw1*4 Win- , 1-40

liitioi.ee allt eleirctrode.-m'aiu the -kuialvap ,, Ia tfloi. eu-vt-lr lip pirecilude extrallf-on11 -igli~ai

pk ipIll diie lol I -iilogi~Ai inethia ,.rre-em ll aimlde-r the '.lljm.
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13. Muscle Artifacts in EEG; Data. Pri-limmitiar% relirinmemti. with a fe"% subljevt-
-cHill eleimmn-rated 11we itreol fior a Ime~ul hod o retwe' time suuambe1r ammit nwes-mtlade41rf 111ma-ele.
afli fact- top a mimnimum. Thw idea of *inolticitig nan-ie' jparak-i- In~ the ii-e cif -4,111e

iieturimptin iht h &% the rtirarifilnti oirtp % a. rejected j a-. ia atimtItseU: tht' artifact jpri~l~el.

Nitice there' %~a- nw knumit lu 1mgie- hach t amIdII weleciiiel inhibit cligbhiiggerir -1 imapti.*

tran-m-ici-im ito iump-.. skeetal nim-4ne %ithle maititio-h -paring~rmt'ue-a amid 41idjphr~a-mit
mwur~mucuia actii ti. lmma. the ii-e obf ctirarifdsmnt agesslý %Oistid Ware rie'ijii div.i ii"'

ifa respiraltor. uthich ioot a- toalli imiimumieal too the fnitrall gemal% 4of hhw. v-lieriwtimt.

After set~eral trial., a re-trarilit wteicr I-er hggirr Ni ita- .letj-4t thtich dol011

ý-iv-ted (of a li-hIti filted iwmnic-Olimader wthich %ta- jolacrod fpiter live .uhijec'.it mnlhli after it

lili 4)f prelimninar% -treiogglel %thich lswcatiw torarli rnioojotles-w after 1; adalojtei too total
re-traint. and romnaimml lthuis fmor a half limur too imore at a lino.' Thlwem %a a- 4Ilimr 1441411)

4i the head olitifng !wriiml- o~f smin-4imnuat ione. atil ,4nw speca-mummal fmiriesta- -aiiiffiim. ibiar-
iiag imlcerasit nani-. lematalai griveral the re-traint wta- ijuate ttrrre-ftih gin rednibicig olmpition .ar-

sAn a4lilata'.nal lowswfit %tA- fojitaimew- frgons tur- iaaetlauu ml r-of t-rana in that the,
.-1l1jeCtia-litAa a 4- fie~t`11.l4 N-as1i that it, brad -Ait- olirro-et 'it the11 -trecnii 4d imieoumiti-- ai r.

and Ilth- ma~ittlonsmn atrilabiurlt% #of i 141 el ii,mum ovolsrant. %ta. a-eirred it all li un.'. "'ae- -isa,-

joir re-traml %ta. a talqealmle aid jimii samai c the ta-k 4f -igima ah lat IVEGI.( rlm tis.
and fuatmarr doretec otos -%-tq-no% enmjph.loiits rat- %p ill mimjl-imall Iran ar'tefl smesre effet-

taere-traint -- ea

14. EB." Silnals. Thi.- itaefien,,t am-eu f~or ERSt~ ssmu-t m into-tlisarell careftills -40

that Joere i.:

a. Nos ater~irn ror-jwppite tip -tasuuaatioum.

Is. N4it~h'tl~ia olietriwiatifisa after imusaeli themam-ýjai- so( pronai.,-.1 irlli.
I.',, oof at4I'3tC reacti~ost 140 elct.tmma-ecal re-1alt froprali. 1 41, aw*--:

ni1w rtoo-ttnulr i. incirmcliv iyineitaonew. fair

121 Tlao -itnal fitjltt~..o *lgarji4on't lar hmsti i..-o -. ie

it _* d .~. hdi lpi. ~.. 4 i.0 -. 1~~l .. I.djl in.4 .mýd .. W A*. N% ft.# e.-*. hg.....

mhe irit .wa .. 1 b.-b, r d.I "ftmlw n.. 1mua C A.. moommo.m...m . osot Iorm d. w"6m111 ft. .4meugms gte 8
fhit ".row~ /e'~4,e 41 " o" A fu.w #A%. fik.theý loew . b bmetro FI, ".So.' eq upd owI ms.,
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11111 -it'll Iivik I 4.lettriearaititea vim re--titl fre,,,:

13 Flcryiei I miii re-taltdmmt pio~r intam l ti-m-ai nrr~rcp-a- dia to) thme

-1aa1m1alati~iii' ecarre mat, ear

g I) NIelooimi 411 fill- cloaireeele re-tialtgma ill %ijtefireratl Iractiia a lmudI il~4i4

bele uitmil m qaI Itam alimi loa r,11e-mm lei itiori i mi r rjmo,,' fltee -iva parimirimer-

voe ra* mmnjlgj %i . arm;.-I it- the. -itdaject % in- sh.4-mr-e4. If ntil (~~IlItj~ iof *a.tmail

I oar~ainvorr. w wa m.rmuil rjlmwe %; I- -4mem ee61at~jino lit thi. rr-o-arehms veisiuld odmait the ;lola.t-irv

thrwmm e. uueII 441611.1% th Ii.mpaiiglmm vo ;I- umcerre-et ~anti fle -til+-iit %%a off lit.;. exper ih. II

till %ab~lea. FiIlure -1140'A - 1 lie4-" joitramueter- lelrtertiuird,. If, hr oifentimrau fior lIhi-

rel-ea tel,

Ther %ia~i~ .I. hasiHeIar lit soilver tee-lif wiljuliro-riwitth I 1th:0. aElmn6I. -isive
ctont iI1ufiti m11)4oila ialar -tinoaulat main i!- geea- o arn leelgird lei. cau-t crhiular nevnrc.-

adljaenit lip the eiritroplel b1% tlw Jaticel off rIelFee~irhciofrii. In fronior few pvaifnt ewai uricrcpi..
fille -isujlio ite le tim. a' i.it.a eflet-61 off ther -, iieliimgtt sig clitrwrt. iar %.a~i-ettirn -werr~ateer Aa - a

eeil-~mut-mire it- .Ie s i. I~,wnrietor lia. -hicot n that thi-o. *hfw Ir 1 iffrt's1 the -1mlejret. v, i If-

~ci'tuai~~i.1 iiiiiulat iii Ihe 1tIL I T.lii- *tatemienit i% orifivilh ley tIer fart that ivliore dome 2 1

.liiije'i't- icro' Ailmeit 1i 46 .0] 1t ilitiiIit, feai' 1N'riENI- Ittattilig 141 Is rarle, f~mivirin ctaltieg
'riti- %% iti 1) 11a ei M4.11lol to jim l' 11for,'dh ll 'eiiasaa antia *snve flee J1Iawra' "iliej~i't wll'

-I iimuaitecI ilimtrall.% at .a rate' to( toaral% 21/.. aimel ge.'swra~ll inieatatan~ rat.'- ill

exe4t" tof IOM14 -timulitaiti. 1wa ler 1eiar fuir tile too I h. an lltriop 1ahyvii'alogital effevt-
%meaild ioo h lorrimewm rra'dil aparoo iheleitlaa llerf i le' liroo'ltoliftiningloc1 rietlt bvac atele41.
I herall. tihere' %ii. ii po io idei.'ia' off eiimaiieaa,eeui '-lffnil-inI- 'muiejcert- " i If�- go(

th14 uimiiaiiat'r eff hacear- forcteirljI in ioioeeulit 3cemilim -if.-tinaalatsaeae aim 1 ilfile -thu.' .thi.aiua t dalam~

rm.ii. Ne'ticthe ie,a. Itiere )'i icieliar ee off m an offr ale.'rrattI Iopklil mr "it len %*teatlici Seiicate

It i. joemfllaa.'aa tai little dealm ;ill aninteal- Ilaae~hmttivi e inr'~taihe it cr
*re'-imonac.'le too aaiorra-ge *tiiumail- elioremat iam the rasaga' cat JIM4 gL %t its 541 jL No ae-iilijert

%40114 re.110141 o-lalo. tee Fits lvio'l. uef Iv--s thmanl 1111A. anti ile lipt mrlii f

iffae -4-atfeer tiolci reaa."-aae. h'ir-. t.here' %a- -411114- 0caill4effloo Ilehtalillg tilal~liagf hIame I m11uesa

hIi-teiihigieal ehaita. free lie airt e rriimmoa . anil -aetiaonl. uit fa. fcilleted isa ljimitedl tri d.. that
P1Iahajrc't% reuiring curvrntok in P-Aceftaa tif thief timplwr heniti tnrmild to manifesua uay ni Iteemil (if
Vid ella'lifcig -i Ifm -.ci . lamaieeaa itb Ahaiclit invIetieleel wiz.atr antit eitetter d~eisarlwammlrr.
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The signal generator possessed the following capabilities:

Output: constant-current-baseline clamp to 0 V d.c.*
Output curre.t: 10 to 10,000 MA continuously variable.

Pulse duration: 50 to 1,500 /s continuously variable.
Pulse rise time: <1') Is.
Pulse group repetitior rare: zero (triggered) to 200 Hz continuously variable from 5 Hz.

During the data runs, the 'following patameters were held constant:

Pulse group repetition rate: 100 Hz

Pulse groups per stimulation event: 20 pairs.

Stimulus current: 300,uA (average per animal).

The baeggme clorn wa mad&e adustable to compwnmte f•r small currents $~wed & e.ct0eroteltmue
interfe in order to mee aictrophores.

Figure 5. EBS signal waveform.
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%11 olf flie kiv ~ uhaljvvts pe it-r im lip final diata nut, w%.err -tiiintoialet Ii at

'101) u % mordlfrel-. 4if their meai, tred re-,usnts titresisulel. Tibi Wa' dipole ... that solnne idlea
.4iit( the especr.I 1eerfeern~iaier o~ a **rna.-p-Irsxdanre4 loito-en-ew rat- might lIe attained. There

%I.not uinlicatifilt that this qtanmults, level %a- utaler titan toptimum fior this relorrrment.

15. Surgical 'rowredures. The (itosfr eletemripolt implant Iia-. lIen, diseu..seWd jim
detailI. Birief I%. rinflieJI EM(; elrrilnxleý w.ere jui~aglso.ed Sol the dura niaterpronoimalt o the
flolIomi'." au eumeral area-: oeceiloitat 144w. paricial lipe, and rinugmiate gvvrus.

Since the coontical EEG; eleoetreidcs %e~rr large area elet-triodes anti inc, the iletetmelt
aipeal, w.'ere ...mmteitiat oliffuse Oline top ilt. nature (of the tuciingral menlt~rane. the exact

hewiataovt (if ud~,. electrInode, w.ere ntltu mipunittenltit bole c-ritical.

The Im'catieis sof the E:II eletronioe. h~ovoorver. %a-- quite critical. sincer that
electinmie ha~d too terminate in a -utah evil cluster Ithe Wit. !pIerificaill,. the liamp-memhial

area near the# Ie'eI mif tive W-and, euf Callejap. OSer Figure4 I anti paragralph 9. -A Chtoice elof

Stimulus.-)

* The. t.*=s wieet .ere elu'.too hait'e hoook omoight- ranging loet'.ren, 234)
and 35A) g Time-c Ijinaits were selrreotdsl~e hImooly %eight is a guood anaheg #of lIEN1' ize il

thi6 !-train 4of rat". and l hued'. -ire onust lIe ruliltnllrle if the stimulu-s elecrodItoe is tot loe ac-
.Ijratel% inilptauteu It, user mef a lorcific steaempeaxie'alas.. Even.~ w.ith these -,ize limit,,. nmu

all anitinal- thits. nimplantuil %.en- tasefial tiplitve e~lrimefneft. -ince '4moo variali~rnos in lorain
.geuutiet ewclmtr friono %subject too Yealljeet ins ativ pooulatimm inn matter how gwreat the, alp-

Piarenit srutnioral -iniulanities.

E eeinxhe ivumplaim %as- arr~inolplishrol loy tow elf a Divid ~ Kqi 1.r %,.ttoel 4XX) Nniall

%ovintal .1-4errulta~ir A;lpiaratnis(e Figure 6). The subiject wapi porepared fr suirgery 11% a
twqO-%tejl &iiesttetir I troorilitre. lust1. a jlarreuterat (ablptominal niuselep administratuimo of I
rc lfor .tIIlf 1(oloent l(acti'.e ingredlient-: chborc 'r~d i.ralte anti peuntuiloaneisall renderel the
animal esseittialhi nThelts~l ie -suhujer was, thmen weighed anti a weo-fnd injectitm 4if

4 .Itndlflient aelnmini-tereot iii &memoretanme w.ith Tauble 2. SIben the aninmal exhiloiteut loo

"iowtel -tnning st4mleeziig jire-Nure ion ilts liaws anti duet not mailifest a Itt ink reflex tot
gentle air. puffisleireulu initti its, reýe. it was knHown.0 tel -tosuffirientlv anestlieizedt tep
IN-gill inmplanst '-frgery. lWhornecessr~arv, a m~intenancle ije~ctinn 4of 01.2c relf Chliffrfnpent
%a,- givefn at .30- tit *15-nmimintea

.4A .es~ ..eleee " A*4 a..*-.. 1LrlfeA~eje 11e.11W~SedI~i~eeIe .. leelE eedelt... f.3.~Ini a gie..-..ed, . I1aeI..ehaer

1ek111q,M4 40 Ae.i . liweegi to gf.efr14a - .4 etee eeeg ,.-gefe..n pIu'Als.. No it, ..s.
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F Gir6. Smoll animnal storootaxic a~ppaZus.
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"Table 2. Ch,oropent Anesthesia Dosage

Body Weight (g) Chloropent (cc)

250 0.75
S 300 0.88
350 1.00
400 1.13
450 1.29
500 1.45

'550 1.61
600 1.71

Note: A dosage of twice the above amount may induce respiratory

distress in some subjects. LD 5 0 is at least three times the listed
amount.

Chloropent ingredients: Mg SO4 . pt6pylene glycol. chloral hydrate
pentobarbital

The anelthelized sclubjetu %aa.- J plaed pronte is tile s.tereroaxic apiaralsti anul at

intoutli res.traint a- in.ertetd. N.. ear loarN %•ere itekrted fil: *iepth tito the autldion
tnealut. to reiider tile head e,.evtlialh iteintolbile in all plane% f-er Figire 7). %fter a final
vheck ui '.hi deepth of anes,,heia. tile -e'alp was shaved from viaion to t'ciput and front
var to ear. and the area was thoroughlt. disikifecteti with alcohol. The eves were then
Ithri'ated with inineral oil to pre~etnl tin ig o( the ronjjuletiva (whitch would resttlt front
anedth,,ia-indui'el inlalaitit off thie Wlink rf, f.sp

Thein a .,agilial-jlane scalp inci.sisn was wnade front the nasin Ito well past Ohe
Landtila s.nllre. the ,,-alp va. ro'tructed fehildoying suitatble gatlze dani, to dinminish
bhvedinig) and the ,knill wia. .scrawd tuntil all traces. of the iwrio•teunn were renmoved. The
entire area was then wa.hed with alcohol and exansined for £ninttte traces of residual
loeriotetnh. ,sitter it was essentual that the skiall INene sterface li absolutely free of thih
lt.•sie in onrer that tihe electrole moint adhtesive attain its mnaxiimtum strength. Figure 2
.hows tihe relative lo5ations of all electrooles.
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The initial p)rocedure in ithe tleelopment of flit. implant pr,--- %a- thIl
deletrniinalit4n of an anatomical colordillate sletinI which. eiiuhl lIe uicI to efi•ie the "lec-

trode location. on all subjects. An inl•i-clion of tit- cranial surface of the .subjects re-

Sealed tlit' elr, distinct liregina (anterior). lalnida limherior). and sagittal (mn1idline)

.llture. of tlik .rtrulrtu Fro in luili.bheil stereolaxie data. it was ieneit. that mo,-t re-

,earchers inollhed in rat brain exim-rinients uised ,onie combination of the relative bwva-

tiollns of theme stiture. a. anatomical landmarks. Studlies of rat brain nmorlphology and

cranial anatolilv 4i.-ckled lthat there %as high pIrecisi.o-correlation hetween li the lotation
of the ,ulures and tliht nmedial forebrain bundle. The most colinnio diliensionili" tech-
Iliqlues encountered in ithe literalure i,.ed the arithmnetic milean of the liregina-lanlhda

diistance plus a size-relateI 'orrectiol factor tI locale 'the anterior-poi-terior I A--) lot.atit',i

of the MIFB. Simiilar. lthe lateral iposition of flith M"I wa.- determlinedl from itie sagillal
.utlllre.72

Since the Kopf allaralu,, did n4t )Iave lIroviý.iqn for ayll arbilrar ipoint

InI anylplane it) z.er. it %as *Ii.e-ý.al't+l us til' 'al. rn-atsriog, a aiable to defilie tile

reference p4imin,. Tihe prliedulre % hich fin ally oked.l was a.- follow,-:

a. The .a gittal plane %a, clecke'd for coincidenice with Ilte lateral pllane of
lthe .ereoltaxie aijlaratu.. There was a high degree of oflihgonalil.t of the sagillal :'llUrle

relatie it the .plane of tlit- ear bars in most ubijeels. s. Itiat the sagittal plane virtually
loineided with the swretolaxit" lateral plane when lilte .. iject was correctlly ,lilioned ill

thit- aplp)aratus., Alignment errolrs Elf < 2 inlll froml bregina Io lambda, were generally not
significant -ince the A-P dliiln~iesioli; of the MFB was usuallv terv close to the axis of
lateral error and since small errors in EEG; electrode pllacllnltenlt were lilnt (of Enllns.'Ejeflc•C.

b. Relative (scale) readings were found for hregma (B) and lamhda (L) at the
points of coincidehice with the sagittal suture. The arithmetic mean of these readings
(B + L)Y2 were defined thereafter as A-P. The correction factor for animal size C, was
found to be (B - L)IO.765. Combining A-P, and C gives A-Pr,. the corrected anterior-
posterior dimension. Lateral zero (S,) was. defined as the arithmetic mean of the lateral
readings at the B and L intersections with the sagittal suture. or (B. + Lf W2. A lateral cor-
rection factor, K, of 1.5 mm added to S was found to accurately define the lateral dimen-
sion (S,:) of the MFB.

.22 I. hin i i.. ri, .4 .';,.-rin~ee. i w, .I1 ,plaw. .41 ii...,-*.u..rnw a-pni .4 liw -. llrei ~ .-,ani.. ~a- ..-arh h,..ri,.. l ,i ia.•.i~

4 ol1wr r.•.l.ritm rinIr . ,4 ofl*,..r atIifoleg fiW , riv- m- ,d". . , A M. h e14 4"- - i.m i , .*"Upan.n I IS .
4
.. r...- di. jj.in.wj. . H.sojh

•'. l..lh fin 4 * ithnislsogJs Itf" aliilld, . 4 1( I1k -LI nl Di 'h n..E+a,. ,.•i WM*a..
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\-I t = ! -- + L)12 1n1l

C = IB- L.)/0.765 nlu

\'PL= It + I.)/2 + e010 rnnm

K = 1.5 nmon

S = (B. + 1.042 m

St. = (B. + L|)12 4- 1.5 tnrn

ilhere \ and SVl tire the .-tcrvotaxic dimllens-ions of the HIS eleitrodle in terns (of the
liliqtie" sctale retdlilg!" ' for eatclih s.llject. St. wa, alway.- It'ti,d .inhiitratl to tIl,- .,igittal

v. Tihe petletratitioll dep|th, ):.. of the HBS electroiie i.k a. critical ai. the:lt ,

aild St 'dlimensiEons. Fortunately. the skull is s.omlewhat planar in the space let•, ,el
lbregilla and Itail~,ti with .,nall-amiplitude. erti.e siriations. In the a~ertigt rat. the op-

tilllllll electrtrhd timlete rit ill dt-pth %'as deternined to be 8.7 in I m leaslured d1oiwnard
iOrthotnatil .k fromn the meanl surface height of the exterior Akill at tlt' point su,•erior ito

tilt' FB. IDV: was roiitd as the arithmetic mean of,hLi.' skull .ilrfate Iiheight (I111 + I1 ,12.
he'l'e' It,, was tile skull height at hbrtgllla antd IL,, was tiht" height at lamnldla where these

-Itllrv. illers'ectetd lilt' .agittal sultor'.

41. Thie ('inrilatl el't'tr~mle was determniet d to be It'est located 7.5 minn anterior to
v-PV anld 1.0 rmin dextratd to S,

e. p'aie Itirietal electrodle was localtedl 2.5 1i1iin anterior to A-Pt' and 3.1) :1.0 11 miextrad

tos,.

f. The ocevipital electrodi- %aS i'athfl 1.5 m11 ioksteriher to A-P:. and 1.0 mmi

dtexlrad tIa S . Sine t(he sagittial s iuIs was known to vary' slightly in position frmi subtject
t) st-ubjeclt. some care wai needed in Ioealillg thite oce tital electtrod.e which lies near the

sagittal plane. Acco.dingly, all EEG electrode sites were located to a precision of 0 0.1
mm or better (the EBS electrode was held to a toleran-'e of :E 0.05 mm or better).
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g. For prop.'r recording of nonopolar EEG signals. it was necessary to provhide
a -tahle reference for indifferent) elecirode. The need was satisfied lay a chronic impilant

n-misislintg of a stainless steel elecrtrhod uninsulated over tlhe distal i nm, of its length,

Ilactedl along fie nose astride Ite Ilerioasletnmii iil the plane of the s.agittal suture, and at

lea.tI 10 inm anterior to the vingulate electrode. Observatiom of other reference electrode

sites confirmed [fihat ithe nasiol site apleared to result in nuininal signal artifacts due to
neuro-inuscular %ollages generated by sniffing, anli thus thii.- site was used in all ex-
lierimemnal subjects..

The locatialils of the trephine' holes for all electrodes were marked Iby placing
a high-simlid electric( drill in the stage of the Kolpf appuaratus and using this drill to
"ýcenterdrill," but not wenvtrate. [tit- skull at the prolior slereotaxic dinmensions.

The EEG electrode mounting hf~les were trephined Iy hand. using a piin vice
with a No. 56 drill bit extending about 1.5 nmm ia.lW4 the chuck jaws. %'[teln the dura wa-4
clearly visible, tliht exposed skull surface was carefully cleared off' ne fragments and
bloohd. and the dural (eortieal) eleclrodes were screwed into the skull.

Next, lith loh.ation of ihe' trephine hile for the EBS electrode was rechecked
for accuracy, and the hole was drilled in ihe tani manner as were the EEG electrode
sites. The area was again cleaned of bone fragments and blood, and the dura was

ipenetrated to a depth of 3 mill by list- of a Yale No. 3!4;. ½-in. surgical needle.

The electrode cap with the cortical weads and tite stimulus electrode attached
was placed in the stage of the Kopf apparatus. and lith stimulus electrode was cut to a
length' of 10 mill. measured from the connector hase.

The stage was lowered" until the till of the electrode was at the previously
determined level of 1) F and a final check of A-P,. and S.. was made. The stage was then
lowered until the EBS electrode tip penetrated the brain to a depth (of 9.2 inni. This ex-
cessive penetration was done to asstire that there would he no artifacts resulting fronm
tiechani-al stn-ss of net~ral tissue in the vicinitV Of the exipsed electrode surfaCe.7 '

Finally. the stage was withdrawn until the electrode ftip was piositioned at
8.7 mm ibelow mean skull height, and dental acrylie was placed under and around the
electrode cap. with due c-are exercised to prevenit the toxic acrylic fronm entering the EBS
Irephine hole.7"

M , ti, I~m a. I llm.-mi EEG 0140. 14'.nmm. ,..n. imm,.rtl 44t. SOW a n.wi uami ,~ 1..m.1w vrap~ 14#1 .i S imi .If" mra .W.
,Ir.-.-.i I. 1 im''h .tm•.I -.irm il ,1,.,.t.al- a- iM. r 'ap ,i.•.ooolimm m- at. fmail trat,.

a..... G. " ~ mwa,. 1;mmi f..i. nmi. u Ia..m, , M ina f tml 11W. 0---ja Pra 08.- -JrmmrAkaIL aud #Wm h-m. -Ifi*mmmt

allaaa*-mm- ..% iA .i ,mml ho I mm •tim . hiS l.w .In a,,i 6n m'-lo lwmi .•m -mw ' Iraka.
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K' ihi 0 iminiaI % ý ca 4rtthi I ko 4ii-r%i hei lir v% jilei-no of -litick for 41.% -1mihia 1tir

I It iee..teeievral i% I auth %% a-ý thivi reltiruivi lot itý .it-~~Ium11% lifin-- au*a. Faith .u1hifj.. ý..

r\.hhiMIeII 4,1 jI f la % eir at lieritd (te' 2 %%k fo~r (of'- 4.tuitcImei fer er-ratic lithiam ir. \eairl,% ill
-Iiheje'ei reteem tievil %%~ilhleiltitt4 need ofinileiv~id 111r%eiition(F14mro-IhI HI.
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16. PAS~ anud 4 lfactorv Stiumulus Systenim. lFi-.u Il !) sheiitativalli .epwlvi flt-
eiii. )14 eiii%,ei hi this remearch. A,. %lo~4it. tiarve tolfavtEor% .tmmmmli vwre

iiailahule for lireseutatmirm i to e flt, tv~ tiljeet l.,eategl in flt-e arahia % Noxi mi a raodmioi

tlvt. i'ii ol I i-i. The hew vi Ii mie ill flte rigmire detiole Ieuigtli ofl *'I N (A )N" I maiogl: tilt

liight fine!. rep rem-ciit e lectrical I c m feet io mi.

ODOPANT DELIVERY TUBES
I TO FARADY BOX

TO 
"EODATA I-

TAPE AIR SORC
RECORDER ZS1

SOLENOID ýVALVE TNT (ODORANT

RANDOM /MANUIAL____
STIMULUS
SEQUENCE
GENERATOR

MANUAL SWITCHES

EBS SIGNAL TO
FARADAY BOK FILTER NEGATIVE

PRESSURE SOURCE

Figure 9. EBS and odorant delliveiry systomas.

&)th auitomiatic and nianiitul e-nfarod of otioramit and EIAS stinuitii were allowed byv
this iinstrijiniertation. Durni ng flth-shaping and conditioning ;,rfotuols. tilt sequtencinig was
accomplisbed automatically while manual control of odlorant delijerv was employed

durinjig data nians 4 hBS was fit( applied in the-e ruins).

Eachf odoiranit delivery s%s.temi vonsistet1 oif a three-port roiiarv s.4ileti4Ii4 %alve anid
anl 4.dorant rapsile. Thei omiorant capmdies containedi a few' mitihigrawn- of [lt-e fohllowihigf
oiloralits:
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Capsule Oslorant

A Hlake I N'T t military g'rade)
B Coarse pine or cedar sawdust'
C Asphalt

I',aih of the o1lioraiit-eioitrol epil! ak~e a,~il-W-~ipid t44di-ie.i

-tii.I hic air .%-to-tei i lt-1 ereil pl~isiti~e1 ro-.tire zei air It.) the ioluoratt vali:-ifle 1%khen

Iliv *orleioid itIe - cm-iie'rid Ito vaIIrti-4 liodrant ulelioer,.. 'The other air -v-tetn lorentedi~ti
,I nt,-'aIItx proe--uajre toi II te 4 m14 ra it caIP tapoe %Iien t he 4 kdeno)i ~a Ie %%a- inot energized .

ther!, ~i-taio~that ni4t re-iillakl siihiirawi-ladleii air renatined il [lthe detli~erv -vtniiur-
niw_ the iaatvr--tioioltii inter al-.

Timt -. ' he 'o1fai Ii ,r - imitlihi- -ýNtan g~etivralted a lo411tiý of Hit irant-lat lena air % ha ci
%J a1- ehikereil into lthe air amniiewi 141 the- head of thiv te-t -aiibjtwt. I ,IeIa% oif 5011 :l 70 tn-
vNI~telI het.1%evilfit litile , to f i olenoidl 1.netr~giz'iibat and the time of arri~ai 4of the leaditig
edi'e of divI~-iaivmhia- air liohio. [hi- factor a!-wtnaed great ýigiaifiranve during ý-ignal

Thie elitire interior of Ott- Faraila% I ixI %a, om~tdiltlv ma~imaaiuatol at at *liaht
lite--aike pr-ire--r' andi tihe viiiat-t air \sa- ri'iea-et'l- totiide the Iabitrator,. inl ord er Itt ptre-

\vwaa. ir atl lva-I iiiinizaae'. ait idgkitp of TNT lbrotighotii !he anfiacruil t-t area. It thle
t't~ii(littif each t1r-t. the'ventire iihtiaratiu- l iaradie 11ai\. ro-ýtraint cap-itt.'. o4Ilttraait

-t-aiai ti- eerattir. di.'lken -o -tein. et aIlt w&. thaormiaghb. vianed Il to jre.'!aatte oti~raiit

I'l~iaai.ii~'.ae. he1141 ,'11.14% data ili-oteilims. N., atteainpt %;- itiahe' too ;re'itideh Lahbratotr% amn-

binti air fromt etite'ritig. thei to*-t vtiv'hetirv alii -zvro" air 'Aj- it-eel eaaill iii tihe otltirait

i~et~e~ - .b'm.Thle r atronmaI. for thaik atctiea i %a- ý-iinv that thje aninial %~a- trainled inl
teIiviluerateorN to oele'tet't [I T\ .iafwir lii rt'mit air ii- it %meildh Ili- rehtliareIi (l i to l d.. n P,i~o-at-

deiet~tiostn -e'r' iee. aimil it %mitiih aelil tioi.,h,iZ -lip th i' .eraII exim-rimoteiata re-ital- to ti-via
sIterile aailetilivt qit% iroeaitoeal.

A hileat.111 altemite % a- maiiaei tot ev-'teiol thei rwiatine tilliirat. ji~re4-tit ill the laitora-
t''r-. it shoietlfl het nioteel that TNT %a.- at nlielter -aii-Iic~ee ill :ie-aimildiing a- far a-ý e'iaiel

1w' eltrieT.he.re mil just tlE'i viliatitte thiiaititiie. oif .1sýath.tii.e- 4'tiltaiiaiilag mitro (NI

groinp- I4444luci votaild hat.' jwt--iht I owrriieattetl the test area amtl *'ati-ed niua-kun. $or votifig-
-ioni ili iilewnifii'atiom ln-4m h~w1ti opr hall then- loi'eai 14itiii the.- lia-t 5 %r. It i- %irtuahllv er-
laini.' therefore. that the tt'-t -taiitjo'i-- %err' a44are' of the piro- v'. itf TINTI iooi fromi the'
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MIilitary grade TNT i, mti) a reag~ent vrade' milmtance attil rviittaii- 1t#) rmajoir lilt-

ploiritles: dinlllroltEduele DI )\T atid OIinmmratiun ~Nl'i. e-ach of %hic h a?. liti highier

%afF4Fr pressure than (it"~ TNTI. 1meF%4e~r. tile oljnantitiei tof lhese imptirities lbre-ent in all
'aipi~le!. of tvililari graide TNT. Imith foreigns analdomet. (10141-l. 440 that. the Itital antoamrmt

pr-n is Ic-s that) 2 percent 4)f thle toital ila,,- so that these related omoud affect the
totlal tiflow onklid~ihtlv. This i, a 1111Mt Jmoint. i-iniv li\T imvl "\T an- ali;%i"' pre-emit in
military gradle 'IAT and. thf-refoire. the-e v4m4.f4 1 wisIp unre loar adf the -ntrnvial" Mewsr of

TNT

It .wJ 1a41 ite.- ;.uimrnh4e tof thi, e~wtiscinelt lto te~t th114 eee- agaislsl a % male

%ariel% fea~aa- hrfrte werenfit te-itel d hi efmlE oap uarmt te
thaun tho410 li-tled auhuie.

TIhe hIIS si-nal %a- ,enerateol inlivte N4inevimlo wSgawiier Generattor and dehiwere

ill the sulajeli lr% s.hieldedl lead,~ to) lit- 4es111eetor psanel fil lthe Faradlay U a ntied.
jire~w isssly. ERlI % ai- nort app~iea ilitring dlata niss.. list the te't -ettill id uenitical ftor hIm~th
4ua111indstsonng astil dlata nmu.

It 6~ inilmortant tf) Ilittle that th~em %a, a iusaite Iotil oIndrinitiuiate ja.ll
that -iine for all 4i tile te-t ý.illject fmplosilatifon umight e%4entlahlI If-ant its a'te win thle sasiandf
tof the -adlemoid relay %hwch aleli~eretd TNT. *lit 4order its jurechistle the 4oca'ntimne oif *ichi .aq-

ti% iti . the rela%% %err -w wefel int a. randfom fa-hifon frmum time terIi t Nei [hil thties (fine

w ahe elt-iswereal TNT salmor Air eiwerlte.I reim. It %a-. tof iotir-4e. ialcr.arv Its thipruomhik
purge the rrlayi- prier Ito this ftind imal fahallor -to that porm~imlm. goI4Frants which might
cling ito the be sa-wunhslo udid vist beconirie te-t artifact-. Tire -aiiie lpi.er- (if TY(;o N ittu

ing %a-. iied its all ortun lto fleli~er the- apalorant-s to the Faraula% Nixi lestl enclo,.nre.

17. Behavioral Sha~ping. When the ta-m muhijni waa' ctompletely rea'aiivrel from
mmlplant surgery-a matter, of 2 t41 3 % k-the Ilonrcr- of( ctinaitiaming f failaiwing the ma-
ltmoale dema-rhed earlier) wait ha-gun. *Fhi%,, onit." a'~l 44tal twait lv,air phiasmu. the fir.4-
(of which 4*Md operant rnalidifimiing anal lthe Secwmd tof which u~.-l clar-mical condlitioning.

Ojorrant cermidititsniing 4emam-.t~rateal the foollowing impiortant faaiotts:

a. The accuracyr andl aafraeuaa' of all Plectrawfr impilantsf.

1). The ability of the a-ma mubhja-al to detec the .a-'iret target mobmtanca-.

c. The willingneimu 4Ff the mtubhjeerip timr-sjmml tip moda ainitmtimuui where brain a-lea-

tnowitimuiw' was& the mingle rrward.

Clawmpical cioflfitiaming wa% later alp.441 inly lto thuima a~nimalui which %urceiaafnlly met the

aho~vr criteria.

4354



TitI he -v gIe ft r i-I it ica I vt ithuI uI I itat i it ri JtatzertuI fromcmi ý uuit iulrat iti )if #o t,

irtil it ate it-e of Ohw aniiiiil. 'A h11uh V% i. at- mu'te. ;irr% imit.h' a- a pourtabile % apuur uhu'iectzuuu

,' .%ti' MI. -Ih jiu:1elIi... -4hrilaI'a'IlIudlI depicitedl 'Ii I'i~ire 10. %4 1ifI i I re-'h I It 4i i W i

-iitrahbI v jur-~t I i~ if _- 4 fvvi a we-vr~l. r rvrraiwrl a6n131ial a it iwa- carriedl thruurih it -4-archi
pattern. am I iii Ili. i ei% -it. huHraiuit ajI I ll-,i c~ouldl lot- w~rit ittIk uli-rtn irtd. Thui-. it i-
hii_,hik ul-irahule that the aivintal -ivial it- a%%are;,I-. tof target jore-ence I'% a changet ill It.
4u4ui-illatI Itii I%. an it I I a, 1.61- ue Iui Itha c la--i ca 14- eif II Ii Itinin WoI mItI elk Iauxeth IIII f(fret4.

MICRO
PROCESSOR POWER SUPPLY

AIR INTAKE

F quire 10. Proposed use of rat as explosives detection system.
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'hen ltie lioo.t-ojleratmiie eub~ject via, first coiinecto'.l to the stintiulus. generator.
it ioia- plaved in a Skinner 14p% %hlere a .elf-letintulus. joress bar ~a.- available (Figure 11).
lifter a loinef jwrioiml. lthe animial, generally accepted both this. res.tritive environment anti
li te prsne o iiithe -Lull cap % jilb till eletctrolle leads, When the suliject was fully adapted
to I[th, test l~Imm ci a idleiied lpi the initiation of the self-,r.mming process with which this
Tec~ie5 fmTclpieý viiost of it%- relaxed !.late- tnn4ý the first ER %a. applied tnanuall% h%
thle WA- olieraor. The effetit of this !-linuilm vla~. dramiatic in merve cae of effective int-
jplaiut.Se The animal (often cea~s.l all artivjilieN anti rentained motionless.. u.%uall% in a
staimelirg jN)stiire. for -eriral ..ei-onhls. Calatiou, gnoomiuig then resuimed. With the seciond
applicatiorn of EIIS. the animal usoially aplitared peqplextnl but not alarmed and] tended
to scurr% about lteiletest cage sniffing rapidly. Sdonl.euent 4imulatiom cauiwed evidence of
iuncre&-ing! cciftementi.

Figure 11. Test mAabs unduping behbaWne shlapeng.

minoet..eg..4 .. "M~m. .4 1,"4. JO*U.*. 1seiw,' 'W Ieganr thr~~i Snwemf.I~m .4 gfiYI.0 us- Als. *te w V~. if low
..ult.rk.1 oA41d in. Ig.'haigseeat .kaftlir so.eek F It% aploellwg. (of shef.' ishor "kIseee erw.i.u a~e i- r4~ ors ev o
"%rethr 1.w mi g fle's..ue %ot fisgk elgoei .igma~lso. eu,,..,. Amodele'e.. ... ile .41w,. Avo,@%. (ýke qrgOwl voot m t rhus g.j.

Ael 1! .rn fgMgMg W~ 1. ..Egu ft.1g.egmoWoAl AI. t~i,, gosooll. ee ike.. f..iwr e (M rns VM W eregefingu.g 1 hgoe.4.eegges
lamemadopm.. Imw osrn a-u~meel~s OW 1I.*.#.. ..4 .agev"e1., See Insisegt Iwinlesllt 'Igw te.

I.stage. .1 mW on. ;.g I"W1r. I.e. momu.

2.lal Nmgena.sld.m~ in1w 14m...

t-~.Mgd.Mi IAmw I -s t~m -in Ite I.-' *e-so.l JolrI in RON feel. W *eio isme Iee is %ajeg
ong-. Iree.w mlewg .jeS1miono ejh~in"gg'I #reemm -ei1w, moeufe. .k'u. somr %an&siom to lbs, e% bMi jn km-sue. ee 4 Flt' i~th ..1m.uh
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Those animials which reo-inided wAellI to maituall applied EHIS m.O41i begani too

exhibit the phenomenon of "supoerilous behavior' whinch is remnarkably -im ii r it) flit-

behavior pattern of humians subjected to anl unirecognized challenge. T[he animnal- ohb-

viously enjoyved the IKBS. and they apparently as.ýuned that the plea-ura lilt ren t A4a-

solely the reult (if somne actif.ra on their part. Immediateli following anl EBS. flt- subject

would begin on attempt Io reconstruct the e.ents leadiuig to ERS. Somec ratsý ceam-ed all ac-

ti..itv for up to a mni ute. %hile 4.tiers itilmeiliately loegaui a ýerie- (if uinusual potrig at

various loications in the Skinner Mix."

In order to assist the rat in achiev ing -elf,-ztirultjý in the minimum pieriod.

the test opierator finr-t applied 21) to 30 EHS re,,arulles. of thle activl t. posture. or posiifiin

of the animal.' After this. EBS was applied a like nuipiler of times onui %hen the rat was
oiriented with its head toward the press liar. Next. EIIS was applied only when flthe aninial

was 'within reach (if the bar, and then it was. applied v hien the rat investigated but dfidl ilit

activate the bar. Eventually, with this ass-istance from the te?-t opieratior. the animal
depre-ssed the self-s-timulus Ibar. anif. after three or four such events, all subject, recog-
ni zed the press bar a-, the souref of stimulus..

This process wa- allowed to prioceed in the ca-c (of mvos~t test subjects both for

reatsons of con~enience-a simple, available Skinner Boxi could be used-and for purpo-se
oif observatioin. In the final stages of the secootiff experimental phase of this resewarch, the
%ubject was confined in a small cage with its [lead toriented toward the self-tlimuilga.s
treadle. The automatic stimulus -e4luencer was allowed to) stimulate the animal at randihni
intervals without human Intervention. rhle subject o. -,k!hapoed refjuirer about lilt-' samelf

time for establishing the pleasure/treadle relatiornship as did those subjects shapedl in flt-e
larger'Skinner Box. The significance of the %uc'ceý-s Of this purocedure using flthe smaller
cage is that a fully automatic trainin~g protocol could be employed too train detector rats eni

nias-e (or use in fielul-deplovable dletection ts.thuls Verifying rUhesis4 c.

teert canF be no dloub:f to any oblserver of the monumuental pleasure derived If. thet
les anmalfro EB. Wthi a ew our, I< t ofthe~ir frIHSexplenence. :he test siill-

jeuiu. were iself-stinuilating at .erv high rates. Indeed. 13MN to) 20(M) liar lmre~~se perhtur
were piolt unco4mmopn'for the average subject-and these animal- would, if allowed to doit
so. continue this self-indulgent behavio~r un~til they collajised fromt fatigue for idehv (fat ion.

Such behaviopr argues ~that EBS must suurely be the **ultinmate- conditioning ,timuilus.

Ifi . Mot .i0I,.-.h I~ e. 4wo lh#a , -,.Ijr4 GffM 4*i of . *-i mimnn in Ils . I,. ,i . iW r..~ge
.4 .mXin in hunman .r.I m n .4 Oin. ...airfl.. loSten I..&.4,w hwh.I r-l..i. ,m 1- .~i" .wI unfimIis l n'ia urrn-..
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18. Operant Conditioning. After the ý.ujiject was fully' aware of the p~leasure to be
derived fromt the Iiar-press activ ity, the shaping~ periodl was'cmdcuded and operant condi-
tinningr bergan b simpl aloin oi in response to a liar preý.ý unless TNT vapor
was present in the odorant delivery port of the Skinner llox. As expected, when an EBS
dlid not result from a press-. episodies of somewhiat frantic liar pre..'ing was interspiersedI
with jwriods of quiet contemplationt or feverish resumption (of the earlier sulpersstitious
search for the stiuree of pleasure.

lit order top verify that only the piresence oif TNT vajlir iii the testI fixture would
indutce the iesired biehavior. otheri miorants w~ere delivered in the exact nuanner as was

TNT valpir. Pine andi cedlar sawdust. aspihalt.' andi even ftKMI were us-ed as. neutral olfac-
tory stimnulus !iecause the animals. were known to sniff thewe substances in their normal
life patternt. After about I h (if nmultiple odoranit exposure, the animals coimpletely ig-
nired any oduirantt which %as not a~sstiated with EIIS availability: however. there were
occasional false alarms which pirobiablyl resulted from a decision liv the subiject to deter-
mine if HIIS might lie a% ailalile in spite oif the pre-sence oif a -wrting' odorant.

in lthe !-urpr~inigly -htort !-pace tif about .14) It. motst succe.'sfully condlitioined rats
were abile to) recognize time cause-antI-effect relationshipm between the presence tif TNT
vapor antti the a% ailaliility of EB11 in respsins Ito liar piress. Additional (iperant etintition-
ing (1ll h) %a,, gi~en t)i each Muliject I3M mini per day for 20 davsp: dlurinig this time. the
animals %ere graduallI. tran-itiotted front I(M) percent EIIS (an EIIS each time TNT
vapotr was jpre~.ent tlip an EIIS/stimults- ratio (if 0.6 (see Figure 12). This reduction of
rewarul fretjuenci %a-. in accordance withi lte well es.tahlished lirecelits (if both oiperant
andi cla--ical cornditioning. which -late that excessive reward can result in a rather
--uhi-tamttial ulimini-h~inent in performance due Ito habituation with *a resultant diminiiish-
nient of anticipation. It apipearedl. after -onue experience with this !;trait uif rats. that a
reward in about 80 case. out oif 1(N) was lthe limit beyond wphich soine habituation would
?-urely occuir. Sincer a high degree of anlticipiationt of rrwa.J *as critical to the res earch, a
0.6 rewardlod~oraiuf stimulus ratio wapi selected Anti malittained throughout lthe
experimenit.

19. (;Iamuical Conditioning. lit this final pihase (if coindiitioning. those test subjects
which acceptel oiperanut condlitioniniig were plhacedl in the restraint capsule I Figure 'I) where
n1)pov iop fori self-stimuluis existed. As biefore. iii~irants wom. randomly introiduced into
the testl fixture. hut in these runsý. EBS was delivered gratis dluring 60 percent of, the
deliveries, of TNT valpor. The animualm were apparently not vastly confused by the non-
oiperanit presence of EIIS andi s~pin adpjateti to the new tesit conditions. After about 4 It of
classical conditioning, mostt of lthe test subijects were (teemed 'ready for (lata-taking ses-
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OBSERVED ZONE OF

MAXIMUM ANTICIPATION'
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EBS TO ODORANT STIMULUS RATIO

(ALL SUBJECTS BEGAN TEST WITH 40- HOURS
OF CONDITIONING AT UNITY RATIO.)

Figure I2. EBSlolfactory Stimulus relationship.
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All told. a total of 60 to 8() h of conditioning (operant phi. clas-ical) wa. found
to be adequate to transforn naive subjects into skilled and discriminating senlsors of TNT
vapor. Not all subjects which could be shaped were usable, but the total vield useful for
testing from those animals which could be shaped was better than 80) percent-a total far
in excess of that originally anticipated. Overall. the percentage of animals usable as sen-
sors relative to the total naive population was about 50 percent. As a comparison, the
same ratio for dogs trained by non-EBS methods .vas about 15 percent and the training
protocol required in excess of 8 months.7"

Extinguishment of conditioning was not a subject of inve-tigation (uring this
research except peripherally in determination of the optimum rewardlolfactorv stimulus
ratio. It is significant that no significant extinguishment of conditioning was experienced
in any subject. even in the unique case if an early subject named -Speedy." Speedy was
retired from service (luring a lull in the research, and he became a pet of the custodial
assistant. .After 1 yr of total inactivity as a test subject. Speedy was again placed in the
operant experimental chamber and subjected to TNT vapor, lie immediately recognized
the odorant. pounced upon the stimulus press bar. and attempted to stimulate at a rate
approaching 2000 presses per hour. This astonishing performance continued for several
weeks, but before he could be placed on an EEG schedule, he died from the effects of a
respiratory viral infection which claimed three other skilled subjects. Various other sub-
jects were carefully 'evaluated after inactivity periods of up to 6 wk. and none exhibited
any evidence of severe extinguishment. From the perfo'mance of these subjects. one must
conciude that the effects of EBS in conditioning are potent indeed. anti that the data ob-
tained in this research are free from the effects of extinguishment ,i either operant o r
classical conditioning.

20. Data Recording System. It is difficult to obtain quality recordings of animal
cortical activity in spite of the fact that the signal levels are higher and of less diffuse
origin that those obtained from the conventional scalp electrodes used in human clinical
practice.' The major problem in each instance is generally ine of signal artifacts which
can, mimic or mask the desired signals.

Much of the problem of signal artifacts in the case of animal EEGs arises as a
result of the motion of even a ieverely restrained test subjeW. which results in the presence
of signals of both cortical and muscular origin. Additinmally, there may be triboelectric

signals generated by motion translated along'the EEG input signal leads. Although this
effect is usually of secondary significance, these microvolt signals can add significantly
to the total artifact content of the data recordings. As explained earlier, motion artifacts
were minimized by use of the device shown in Figure 4.

78 Nulan. A. V. aWd Gravjil. 1). I.. -Milne Dih ing C(mini ." Ki"u .2172n. t .5. nM. .iHktNIqPq. FIRI I%,•%Oir.
Virgins 11977 N
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InI order to assure the total absence of power line noise, a high-quality, battery-
powered, variable-bandwidth preamplifier was selected which could be placed within th~e
Faraday Box during test runs. The amplifier chosen for this service was the Princeton Ap-
plied Research (PAR) Model 113 Low-Noise Preamplifier. This; unit is advertised to have
a common-mode rejection of 120 dB for gain settings in excess of 200, a gain accuracy of
* 2 pwerent andl a total (listortion of 0.01 percent. The amplifier can operate normally for
at lest 8 h onl ts internal batterv. and this battery can he. fully recharge.d in 16 h.

It1 should he poiinted out that even though a commercial 10-channel EEG
apparatus ~(;rass.Mixiel 7) was available for these tests and was, in fact. used early in Ex-

periment 1. it was determined bylter experiment that the lowest possible system noise
level was obtained lby use of the PAR amplifier located within the shielded enclosure.

The cortical EEg signals, as read from the (lura meter of the test subjects. were
in the order of 20 AV to 100 AtV, and since the PAR 113 was routinely operated at a gain

a ~of 100(M). the resultant large output signals (200 IuV to 1030 mV across 600 ohms) vir-

tually precluded the introductionl of laboratory artifacts into the input of the data tape
recordler. Greeat c'are was taken to eliminate ground loops and other "hidden sources" of
noise inp~ut to the data system.

When magnetic tape data recording systems. were first considered. the use of
direct digital recording was contemplated since this data -form would simplify data
analysis 'by precluding the needl for post-experimental dligitization, and it would also
allow for, some "real time" data analysis in the physiology laboratory. After due con-
sideration, it was 'ieterinined that thesIe were only slight advantages among many severe
dlisadlvantages. ii~aerent in dlirect digital recording.

A nrj-or consideration was the cost and the availability of digital recording equip-
mnent -mid the cost, dlifficulty and hazards of transporting such systems from one facility
to another. Additionally, if one wished to acquire all Avaiiable data. the amount of
dligital tape used would he staggering, com~pared to the amount of tape required for
analog recording.

At a data rate (conmpatible with the anticipated f-eque'ncy restponse of Experiment 11
(300 liz) each digital tape would have run 4 min or less, using the equiment available; in
contr'ast, comparable anaiog tap"s would run about 6 h each."'

71 inei' the qw.etrial de-nsity it( the EEG; sinl* deie in rail, estoefluent w.as unloirmow prim it dais analysis. the digital
,,ampling rate was at first ,mindterminate. If. indeed. the EEG montajard frrilien.4.. up to .3141 [is. then the toptimnum sampling
rate had lto be at leas.t 7.14) Pampllor.~et se~onul. whirt* restirrd a tWoe samupling tale of 10)24 mampole. per .eroond.
(In the othor hand, it the ti.able fmiwtt.o iwi'tnt sorfion twaotuarsro at inbelo 2(10 Its. it torould he piosnible to .ample at a 512-il:
rate. thu.. halving the amtount i'i digital reording tagwo uword.

Sittre there was not a jiritori resatn to beiteve that it.aide fn.ueparnrv~ enampmwnwut.. did not exist hev(md 200) Hx. a samtplitng rate "f
14024 1,per moecotnl wtooll have been indlicated. thus. resulting in the 4-min talw fle- naole.



(Consideration of available EEG data led t) the conclusion that the use of IRIG

(Inter Range Instrumentation (;roip)) low-hand analog recording %ouhl be ideal for this

research, since there was no basis for postulating the presence of significant frequency

density past 300 Iz, and IRIG low-band recording allows a svstem bandwidth ranging

from d.c. to 312 |lz (6-dh/octave high-end roll-off). Additionillk,. thi, i.pV of recording

allowed for the use of analog direct recording for ancillary data. .,uch as the oral coin-

mentar, of the test operator and a simple time reference code. Froni the foregoing con-

siderations. analog recording was selected for the basic data collection sstem.

Consequently. the data recorder used was a honeywell Model 764,,), 1-4-channel.

FM. magnetic analog tape recorder operated in tile IRIG low-band mode. which had the

folloiýing operating parameters: tape speed 1-7/8 in./s: center frequency 1.68 ktlz: data

bandwidth -k 1 db from 0 liz to 312 Ilz: SIN -I5 d1. In this mode. the manufacturer

claims 1.2 percent total harmonic distortion. *0.5-percent deviation linearity. and

k 0.5-percent d.c. drift over 8 h. These specifications are entirely adequate for the pur-

pose of this experiment.

All data %ere recorded on pristine 3600-ft reels of Ampex Type 760, 1-in.

precision magnetic tape.

Since recording and playback were to be accomplished on different machines in

different laboratories, it was necessary to record calibration signals on each channel •.

that playback output signals could be held to the closest possible facsimile of the input
signals. Consequently. immediately prior to each data run. all FM signal channels were

calibrated by first applying a direct short circuit to the recorder input jacks. The in-
dividual channels were then adjusted to give zero amplitude output. Following this 5-miin
eigment was a 5-niun segment wherein a 2(M-liz. 50-/V signal was applied to all three

PAR amplifier inputs simultaneousl,' and the data recorder channel gains were adjusted

for identical recorder output amplitudes. The passband(l of the PAR amplifiers was ex-
tended in this recording segment so that the high-frequency roll-off wa- 1H00) Hlz while

gain. remained at 10,0)0 X. At the coniclusion of the calibration sequence. thie passhand

of the preamplifiers was set to give'O.3-liz low-frequency roll-off and 300-Hz high-

frequency roll-off (12 dib/octave).

In or'der to facilitate the Process of locating any given data elpoh on the laige tape

reels, it was necessary to include a precision time code on each data tape. The IRIG-B
time code format was selected on the basis of available eqtuipment (Systron-Donner Model

111-150 time C(ode Generator). The timing signal was directly recorded on head track 10

of all data tapes.
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To 6trther enhance the overall data set utility (luring playback, a continuous
'oninientar,, was recorded by the test operator during every data run. No comment was

regarded As too trivial to record during these sessions and many mrotion artifacts were
readily identifiable in the reproduced data by virtue of the oral annunciation of test sub-
ject activity.~" Voice data were recorded on all data tapes.

It was necessary to identify precisely the time of activation of the odlorant control
valves so that data epochs could be ,elecied which covered only a few .e-tonds prior to
and after odorant deivery. Consequently, the odorant release s.olenoid valve d.c. control
voltage was sinmultaneouslv applied to the solenoid coil and to an FM data track. These
d.c.ý signals. used in concert with the IRIG-B time code, allowed for precise positioning of
the data tapes during playback with the result that the total data digitization effort was
reduced to a simple and efficient routine.

A schemnatic reprezntation of the entire recording svstem is shown in Figure 14
where the system is connected for monopolar signal recording in Experiment I1.

21. Data Recording Procedures. The total EEG data set resulting from each of
these experiments was containei on analog data tapes. Additionally. written data sheets
of the type shown in Figure 15 were prepared to aid in data epoch hwation and to record
incidental information not found on the data tape voice channel. Data were acquired on
a total of 10 test subjects in each experiment, and from the mass of data thus acquired in
Experiments I and 1I, over 1300 usable data epochs were identified as appropriate for
digitization and data .:!alysis. Data analysis involved about 500 epochs from the first ex-
periments and 1300 epochs from the second experiment.

The EEG signal data were recorded either in nimopolar or in hipolar format on
FM channels 7, 9. and 11 of the flonevwell 7600 data tape recorder. The recording speed
was 1-7/8 in.Is, which permitted recording a total of nearly 6 h of data per data tape.

•Monopolar recordings were made using the nasion lead (see Figure 2) as the
.'indifferent electrode. During hipolar' recordings. the' nasion lead wa. connected to the

system ground. The EBS electrode was not connected to any lead (luring any data run.
The resulting analog data set then consisted of the following EEG recordings:

The test (qwratqor, were a.6k4l to investigate the seemingly ludirrott pa',ihiiity that evenually tiste ,uIjecto might team to rroýig

nize the wonts uttered h1. the varioi. telst o|erators as they announced theh nature of the imiending .timnush. and at 'arinmu,

stages of testing. Im. Mcvasiom. variou,, 6owratorm approachedl the Faralay iMox and otrtidvnt.ly announuei Ifalselylthat t1h next test

wo.ld hw a TNT event. Als.. subjects plaml in a Ski•ner Rx were amcoied the same itfratnment. At no time wa, there any

i;"haiioral ervidene n- h a. violet sniffing ow lunging'at the Skinner IBIox itkealet that the -uhjetst* muIl oui e ' 4. o.ral stimuli.
Perhas 'it was well that this test was performed. sitte the qu(etiunt of oral stiu•nus ham. arise, in vari; dicuss.ions

reative to) this research.
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Moriopolar: Na-ion to Parietal
Nainto citl

\ a'asn to :in!!ralate

Bipolar: ikriet al to Occipi~ptal

Pa net-a I to 4 .iinilate
( ing-tlate to OccTipital

Tro allol4 for 1irvvi~e identification oif -taitnnaltn odtorant deljier% iniatiationa ,urinau

data' anal -iý the tmlorant ileliierv sidenoid of.c. coilritol signal- were reiqtiroleti on I-A!
channels t andl 6. FThe solenoid signal fronm [lthe TNT odlorant svsterai toiaý mra~ni~ek rv-
corded on channel -1. %)tiile the t ~o co ntrol oflorant initijation signals vorre "ail-gatedl

andi recorded on c-hannel 6.

Noice vonnuentar% % a- recorded ti larect AM reeordinoon c) h~annael I t. and Ithe time

codle si-,nal % a- al~a-, * oil channel 10).

4 sort sanlple (i the recorided anialog ila t -iN- shimmn (on H -iire 1 6..h pi- i. a
mnailoo ixlar reetiriin,_,. and at the apiproximiate inoil-pooint of the sampulle time ait-i. the
presence of TNT I .itenid signal is e% iilent a, a stepl chaange in the channel ; Iola% hack
trace. (Figuare 16 % a-ý not _,enierat-AiIt Iit haigh-fidticit plaO .ark - Ten.1he pit-i recorder
ii-eil hadl a band~ idth Elf onklv 0 I N4 for sniall ampinjiit e signal- andi thin l'andihdith
deteriorated 14ith incrTedo-inrr signlal amlplittude.J

TIhe %oice di aol~el voi nt a i uti in tach i alii alle inifiormnat io n -i niT thle* test pin tt ii

dlemanldei that thle test toloerator- keep ilp a rniinaitic cii'nnentar% thuirina rach fo nina I data

nan.. At Ieait 2'! : data elitichý %4err dimiiinat--d frnu roiw-idnie-ratioin tiarir:4z fin~al data
aiak ii k a- a re-.tilt of % aria in.1-. ob-en atolm-. andi voironeintt.11 tol he 1014? i'channel.

The qatnil a rd I RIGI-1 litime cim~le reco rde (,it c 'nhanneileI 104 w a ta-et I ti prevuis-e h t ime,

all rectlnitee e'.eiat-. inacluiding, recortlimig -,stena caliliratitin andisaje nri~ati'l l

thi. naleanl.. aol ci cot citilil lbe likatehl on any anialog tapl* woith art alecuravy of 1 1 2 ill.
in 3xM ft).

The term "dlata rimm-h- h... been ti-ed relwagedllv thus~ far in hii- 1text. anti it i%

now 1wfl inent fto definre t hi4 term: %it anulog danta epotwh ik the total ilata contained in the
time periodI emteding f-rom 1() *, prior to thle prewlace taf a stalenoid control signal to 104)
Pa%: thle ltile of thle- contr-ol signal. Ihta,. hgiarr lb doe-. not dlepict anl entire dataa analog.
epoc-h *ýince thle imtage siy', alli.14, iilowratiora of abosut s Subsoequient ito thle conitnol

-,L'nal anti 01111 aliout 8 porior to flhe control signail.
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The 1)re-ence of thr rimie c(ý.ie allows~ the ýIniple extraction of these ep'x-h6 from !hFe
orea uIna!- (if lba4-kt-,rmod LEG data. and then it serves again as a backuip identifier of

the digital event.

D~igital data epochs are dlefincil in Section III, -RESULTS.-

,A t~ pical recording 'ss won bean earlh in the dav with the pseudo-

randomn election of a prime and an alternate !est ' uhjet-t. (h~er the complete course of the
exiierintent. each animial lient a minimium of I iieriodts in the test echambter, anti thereby

each ýnliject contribueted a total of abiout 4 h ito the d1ata bank..

The !-uliject.ý %ere maintaine'dlon a diurnal c-.cle such that they were in darkness
front MM~) h to WAX) h 7 d1a%, a heek. This rigid schedule was- adopted ?,kthat no confu-

ýion~ or anxiety would. re-nitl from the sudden introdfuction (of light iust prior to a test e-k
ijuence. I p~i remioval freon the domiciliary area, the primary subject was placed first in
the re-.traint deýe ice and then iz- the Faraday Box. Follo wing this transition, each subject
%as gi~en anti)[-lietime to aecelffimtfaIirt to the en~iironment of the ite-,t chamber while

jpreliriniar rv'cordiimg setup and calibration were in porogrem-. The data nins began only

% hen the !-obljects were full' adapted to this milieu.

Seieral -objects te-ted in the formial data recordling sessions were firsit lores-ntcel

It- the to-t -tat ion a.- anl indi~ ilual totally naive ito any formn of olfactory stimulus%.
altheeugl eachl ePiljeet %;a- fully' conditioned to the effects of self-induced LBS. -and each
% as adjudged ito be properly implanted. (Additionally-. it was determined during LBS
training that each VEGf electIrode Aa-. satisfactorily imiplanted.)

The porjrn-e of introtlucing the naive subjects directly to the test station was ito

o~l~iaiit EFA. background bioth prior to andi doring the first exjlostires to the odiorants used
in the experiments, antid therelti to attempt 'to discern if :here were any unconditioned or

naltural AESC in respionse to) these uolvraots.

Figuore L-) is a reprod'uctflion of a data set randomly chosen from Data Tape 5A
fseciinfl experiment). Note that dI.c. calibration oc-curred between relative time zero an'd 05
min. 1:3 s. 1(HI.'): 1513) andi a.C. Calibration then o.'nurred between 06 min. 48 s, (0():06:48)

andi I I rin. 19 A ((H: 11: 19). This, final svirstm calibration was followed by 5 min of
baselinp KEG data, during %hich time the subject was allowed to adjust to the test
chami'wr.t

H Iin 1 . t..r. 1k. 1pri-t -h, a." e a.mi I h Fr' 11w ik...tj.e hich .4mw,tm.~rofr. on unuoual ,iriuolew- Il. sc4'fp

liw. r-f~ral"t 1...... lit th-. (ru ram.. ihrt, aieimunaue ýpwwve wda.rv-nin. and the ot ,i ftia h re~mwe.niadonm ihli foonrmui run as

A-"n.

60



At the relative time (0:31:0). a -Pre-raining- or -Naive D)ata Set- wa.ý initiated.
The exact sequence of 15 TNT vapor anti 14 control otlorant exptosures- 6 detailed in
Figure 15.

Unfortunately. but not unexpectedlyv. Rat G and miost of his test pee'r- in the
naive %tate were very disturbed by the res-traint-in spite (of their thigmiotactic nature-and
the number and magnitude of the muscle artifactý. resulting front their struggles- to escape
rendered much of the naive EEG data us~eless. An occasional epoch of value resulted from
the fortuitous coincidence of cessation of ý.truggle and (odorant delivery. From these
limited data. it was. not possible to elucidate any statistic~illy valid evidence of the A ESC
prior to training. It is important tot note that these data were r~corded for reasons of ex-
,perimental completeness and were not considered as part oif the formal data wet. since
there was no reason a piori it) believe that' the TNT target odorant would ev-rke an AESC
in a naive subject.

Figure 15 shows4 the next series of testi' on Rat G where the subject was Itot longer
totally naive. !n the column at the extremu right of the figure. the training paranmeters for
this subhject are presented. The symblols are to bie interpreted as follows:

Prior to sult-seission i. which began at relative tione M-:5004). Rat G had received
50) exposures to TNT vapor and.3() expos-ure-s to [the control odorant. Coincident with each
TNT exposure. the subject was given EIIS. nimversely. no EBS was given during the 30)
neutral (control) odorant deliveries. The notation ** (NI%R- indicates that EBS was given
in every instance of TNT odorant delivery, As. the animal became more experienced ' thi.
percentage was dropped until in the final sessions %time days later. an EBS to T NT
odloratit delivery ratio (of about 60) percent was established. This was done to prevent
habituation and to accent anticipation. as noted earlier.

When Pub-%~sion 5 ended- at' (K:54:4U).'Rat G wast then g~ven .54 additional TNT
vaporlEBS pairings interspersed with 32 control odorant exposures. Following this train-
ing. sub-sessitn 6 began at relative time (0:5504).

In this manner. the first- day of Rat (.'t training and data acquisition cycle
* progressed to its termination at 01 h, 00 min. 44 it.

It in ewsntial that the' reader undertitand that the relative time displayed
* ~on the data sheets was for the convenience such markings present to data analysis, and

that the time' readings bear no resemblance lto true chronological events except during
data runs. Thus. it could have, occurred that at-little as 30 min. or as many as 90) min.
elapsed in real time brtween the 'events defined ast M054-140 and M.550W) in Figure 15.
Howeve~t. the 03 min and 24 s which are shown to have elapse hetween 00:55:00 and
00-58:24 represent real time in that tht. events (occurring in this data interval were an
uninterrupted continuum.
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I )ata acqtitikitiiin jirIocte4Ied in the mlanne~r Ile"crilme-l aloolle nil:ii at li-a-1 100X
tliojii i ,c ewntý ioccirred in t he cam- of vcalh t e4 -till jeut. In adde it io. m*oiler (0) h Ii f
lbackgroulll L L( ; data ii cre recordled a!. aicillimr iniformation in the e~ ent that exltciilil'
exaniinationi of diornal otr ia-all [J:11; iariat ion biecame neveý.ar,.."

22. l)ata Playback Systerrim. The ualat pdaybiack s%.tIen for lE;ijwrillm-lit I is
dliagramied in H gure 17. All data %ere recorded oin a liIonelivilell Modele -10H) % agliet ic
'['alle Recorder. a.ý ulemrilied earlier.

MAGNETIC TAPE PRESENCE EEG ANALOG
RECORD PLAYBACK UNIT. NEUT TRIG DETECTOR----411 FLE

HONEYWELL MOD 7600 (OI AE

VOICE CHANNEL SYSTRON, DONNER
AUDIO SYSTEM TIME CODESCMT

GENERATOR/ RGGRREADER
MOD HI -150

READ OUT: COMPUTER OF
MNEMOTRON AVERAGE

510 DRIVE UNIT TRANSIENTS-
IBM1 SELECTRIC MNEMOTRON

TYPEWRITER MOD 400 B

Figure 17. Data digi ization and signal proicessing: Experimnent I

'rhe -iolpnoj'df odorant conlt ol valve energizing %ignal was recorded on recorder
channel 4 (TNT~ or channel NNE TrRAL). andu this ignal served a-4 a preie etrigger for
the logic gate in the sfirnilni- pre. nric AeteCtor. The logic gate could l' set it) admnit for
analv-sis PA% data which cinsi~te4 of pre-slintuilus or po4.,tstinnilu% -wgegnw . The'anlalog

H 2 11w. iJtirr lila i vn ,tt., e n ady. fya -.t el .a. al n.iiwl. .,nqw ane obiniou. n"41.. lidl jie mria. low 'cei.ný.- hvl itmic.qn~i

anakmi'-I A- Afltjij 1 .awl: ho.rr r. tla. prin.-il I.. 1.. -u..- Jainl. wnr gpraiw~AI* - a- 614-1. in thin. ".. Ar;t . it ll,
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filter was set to admit frequencies in 26 bands in the range 1.0 Hz to about 40 Hz to the
Schmitt trigger. The Schmitt trigger squared those EEG signals with amplitudes above
the average recorder noise background and thus provided a computer of average
transients (CAT) with a trigger signal which was the analog of 'EEG frequency in the
band of interest. The CAT began a sweep of addresses at a constant rate of 3.2 kHz upon
receipt of a trigger pulse. The sweep continued until receipt of another trigger, due to a
zero4 crossing in the Schmitt trigger. In this manner, a histogram of timed intervals
between baseline crossings was accumulated. The CAT combined proper addresses and
delivered data for 26 lbands of frequencies, which are ,hown in Table 3.

Table 3. EEG Frequency Bands - Experiment I

Upper Roll-Off Lower Roll-Off
EEG Band (Hz) (Hz) CAT Address

1 1.5 1.0 135-201
2 2.0 1.5 101-134
3 2.4 2.0 81-100
4 3.1 2.4 67-80
5 3.6 3.1 57-66
6 4.0 3.6 51-56
7 5.1 4.0 41-50
8 6.5 5.0 34-40
9 .. 6.9 6.6 30-33

10 7.7 6.9 27-29
1 . 8.3 8.0 25-26
12 9.0 8.3 23-24
13 9.9 9.1 21-22
14 11.0 10.0 19-20
15 12.4 11.1 17-18
16 13.2 12.4 16
17 14.1 13.2 15
18' 15.2 14.2 14
19 16.4 '15.2 13

120 7.9 16.5 12'
21 19.7 18.0 11
22 21.8 19.7 10
23 24.5 21.9 9
24 27.9 24.5 8
25 32.3 27.9 7
26 38.5 32.4 6
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Optimum operation was determined to be obtained when an 8-twrl time compres-
sion was used. This was achieved by operating the Honeywell 76WK) at 15 IPS playback
speed (all data recording was accomplished at 1-7/8 IPS). The CAT then sampled 44X)
points at a rate of 3.2 kHz for an equivalent real time sampling rate of 40X) samp'-.
second.

The overall data playback/digitization system used for Experiment A1 is shown
in Figure 18.

In older to simplify the search for useful data epochs, the Iata playback system
needed a search control module which could be set to stop the .,nalog repro ducer when
either a TNT stimulus solenoid signal was present or when a ¶,eutral stimulus signal was
present as the search operator wished. Consequently, the stimulis presence detectors an(i
the search control unit was designed to offer any signal option to the operator, including
cessation of search at a preset time code. Since the quantity of data was staggering in the
raw analog format, this control module was an invv,-.uable adjunct to final data analysis.

Prior to each data digitization sessioi. the playback device was calibrated by
use of the standard signals included on eaý h data tape. These signals allowed for both
d.c. offset adjustment and for a.c. calibration. so that at the time of playback, the output
of the data playback system was an exact replica of the input data derived from the EEG
preamplifiers. ('lose control of d.c. offset not only allowed for the most linear operation
of the playback amplifiers in the tape systems, but it also, greatly simplified the process of
digitization.

System digitization bandwidth was set by the Rockland analog filter prior t,
All) (analog-to-digital) conversion. The overall system was found to be reliable and re-

quired no adjustment or repair throughout its service period., Indeed. the overall perfor-
mance of the playback/digitization system of Experimenit ii greatly exceeded the re-
quirements imposed by this research.
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Ill. RESULTS

23. Summary of Results. It is evident that each of the four These which
comt-ise this report have been proven beyond reasonable doubt. Thesis A postulated that
laboratory rats were capable of identifying the odor of military grade TNT in the
presence of olfactory clutter, Thesis B argued that if A were true, then the subjects could
be induced by the methods of operant conditioning to signal the presence of TNT vapor
and to refrain from signaling the presence of other (neutral) olfactory stimuli.

While a proof of Thesis A was initially suggested by the observation of unique
be-havioral changes which occurre(d in test subjects only when TNT vapor was present,
Much more definitive proof was achieved when Thesis B was verified. Hundreds of hours
of preparation and testing were involved in this seemingly simple set of proofs, and the
results are beyond question. It has been shown that laboratory rats (Sprague-Dawley
ý.traint man. indeed, identify the presence of minute quantities of TNT vapor and that they
will eagerly signal this identification by means of a bar press.

Thesis C was priwved t•y the expedient of complete standardization of all training
procedures and by strict adherence to this protocol. Thesis C proposed that more than one
subject can be trained simultaneously by a single human operator whose sole function is
to initiate the automatic program test sequence after placing the subjects in the test ap-
paratus. It is certain that large numbers of rats can be trained to detect and annunciate
tIhe presence of TNT by automatic methods requiring the attention of only one laboratory
technician.

The proof is of great importance to the pragmatic aspects of various biosensor
programs, some of which have heretofore suffered defeat and elimination because of
training co;sts alone.

Thesis D predicted that an event must occur in the cortical EEG as a direct
consequence of the arrival of an olfactory stimulus which had heretofore resulted in the
delivery of an extremely desirable reward. This event is referred to as an Anticipatory
Evoked Spectral Change in the cortical EEG signals. The event was postulated to occur
in a short time window immediately following the stimulus presentation, during which
window the test animal would anticipate--from prior classical conditioning-the delivery
of the pleasure reward which it so eagerly desired.

The proof of Thesis D required extensive data analysis employing sophisticated
digital computers since this protocol was, ultimately, the -only practical method for
elucidating the presence of detection signals heavily masked by the neural "noise" of the

* background EEG. Thesis D has been shown to be valid; unique EEG signal features ap-

pear following exposure of the subject to low concentrations of TNT vapor.
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Many years of intensive experiment lie betw-en this initial proof of Theses A, B.
C, and D and the realization of a feasible explosives detecting biosensor such as described
earlier, but the rationale for expending this time and effort now exists in this report.

24. Behavioral and EEG Data. The results presented below are based upon
the data collection of two major laboratory experimental efforts which consumed a period
of about 3 yr. In all, over 1300 data epochs were examined in varying degrees of detail,
and this quan'tity of data possibly would represent experimental excess, were it not for
suspected errors in early data which were resolved only after all data acquisition was
completed.

The presumed errors were related only to the procedures designed to verify
Thesis D. At no time was there reason to doubt those experimental procedures which were
implemented to verify the critical Theses A, B, and C. However, to preclude controversy,
the entire experiment was implemented twice to the extent necessary, to unequivocally
argue the validity of all experimental data. In the interim period between the first experi-
ment nd the second experiment, th! entire data-taking process was reviewed for competen-
cy and was extensively revised.

The rationale for expending this total amount of effort stemmed from a probably
overcautious evaluation, wherein it was concluded' that laboratory noise artifacts had
possibly contaminated the first data applicable to Thesis D, in spite of the exercise of due
caution. Also, there was some concern that the initial expedimental bandwidth of 50 Hz
was inadequate since there was no a priori reason to believe that some sigr.ificant EEG
signal components did not exist at 200 Hz or beyond. Since it was impractical to review
the entire continuum of analog data from the first experiment through its many hours of
background EEG, immediate pre-stimulus EEG, and voice channel comments, it was
decided to rerun the experiment using extended bandwidth and more elaborate noise
elimination techniques.

Examination of the expanded bandwidth second data set analog and digital tapes
hb spectral density measurements demonstrated that the most significant energy spectra
w-re positioned below 40 Hz. This result was not really unexpe-ted,. since human EEGs
have revealed the same distribution in records reported in the literature. Of 818 data
epochs examined from the second data set, less than 10 revealed any evidence of signifi-
cant EEG signal energy in the frequency region above 100 Hlz, and these few instances
probably were random occurrences, since the events do not routinely repeat in the subject
during each data 'epoch (for a single type of stimulus) for that subject. No evidence of
significant energy was obtained above 200 Hz in any epoch examined.
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Since Experiment IH was instrumented to allow for ,la'a bandwidth radiging
from d.c. to 3() Hiz, it would have been necessar" to digitize at a sample -ate of 1024 Htz
(to satisfy the Nyquist criterion) if full bandwidth digitization were required. Considering
the amount of data on the analog tapes, the 818 analog data epoclis (each ranging from 6
to 10 s in durationi would have consumed an inordinant amount of digital recording tape
(even at 1600 bits/in. data density) and, coude Fquently, machine time during analvsis
Thus, prior to full-scale data digitization, a trial digitization was begun using full baid-
width. A small section of several data tapes was examin-d to determine if a reduced
bandwidth of 200 Hz would be, adeguate, since this would halve the digital recording
tape requirement by allowing sampling at 512 Hz at 1600 Iits/in.

The EEG spectral density, or power spectrum, was derived from the digital data of
Experiment !I through the use of the procedure outlined below. A sample of the total data
is X(t) defined over the period t1 5 --. t < t2 as depicte(4 in Figure 19. Taking forFast Fourier
Transform (FFT) of the data sample results in the relationship:

F({o) = a(w) + ib(w) (1)

where

a(w0) the real component of W

and

bNw) - the imaginary component of 0.

X(t)

2. 2

Figure 19. FFT relatiopships.
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The power spectrum is thc-n derived as the summed squares of the absolute values
of a(w) and bNO):

or P(w) = a2 (w) + bh(w). (2)

This expression is a real number representing relative power at any frequency in
the sample spectrulit. A plot of this function expressed as amplitude v,. frequency for 12
300-Hz bandwidth data samples is shown in Figures 20 and 21. Figure 20 depicts the
calculated power spectrum for three samples of pre-TNT stimulus EEG data and three
samples of post-TNT stimulus EEG data. Figure 21 shows the same calculation plots for
pre-neutral and post-neutral olfactory stimuli data.

After several test runs. the plot bandwidth was reduced to the range of zero to
64 liz, as shown. Similar plots of power spectra were made for other subjects and the
overall results showed the same general variations from epoch to epoch. The data for the
figures were chosen at random from these runs. The subject chosen was Rat B. the
regimen was his third session. found on analog data tape 2A (Experiment II).

It is evident from these plots that there are no significant spectral components

above 40 Hz in these data. and there is little evidence of significant signal power levels
above 36 Hz.

Considering the results obtained above and equating the cost of utilizing 300-Hz
bandwidth in digitizing, the data playback sys:em bandwidth was reduced to 200-Hz up-
per roll-off. Digitization then proceeded at 512-Hz sampling rate with 1600-bitsin. data
density for all data epochs.

This verification of the appropriate bandwidth to be found in most. if not all. EEG
samples greatly enhanced confidence in the integrity of the data set from Experiment I
which, ae noted earlier, was, set at 50-Hz roll-off in the analog recordings. In spite of this
assurance, the data from the pioneer experiment were not used in proving Thesis D since
the data from Experiment II bore no residual stigma of any sort.

The behavioral data upon which the proofs. of Theses A. B. an C rest is contained
in the numerous data sheets from both .A_-,xperiment I and Experiment 11. such as those
shown in Figure 15, in numerous pages of labora'ory notes, and in the collective memory
of the laboratory team members. The latter data bank-fallible human memory-was
used in a series of "blind quizzes" to verify the unified data depicted in Figures 12 and
22. (Ar astonishing degree of agreement was found to exist between the collective and
sometimes temporally distant observed behavioral characteristics and that depicted in the
smoothed data of these figures.) Since behavioral data are notoriously difficult to
categorize. standardize, and record, this agreement served to amplify confidence in the
pirofs of Theses A, B, and C.
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25. Optimum EBS to Odorant Ratio. As described in detail earlier, some extin-

guishment of behavioral conditioning invariably accompanies any operational prutocol
";,. ,hich a conditioned subject is rewarded each time a correct operant or classical
response is effected in response to stimulus. Such behavioral response is termed habitua-
tion, and the negative effects, if unob.erved or disregarded, can seriously alter the course
of an experiment such as that under discussion. Further, these effects will probably be of
indeterminate magnitude a posteriori. thus leaving an unknown degree of bias in the
overall experimental results.

There is, in all creatures, a balance of emotion between habituation and

anticipation which can be optimized by experiment, and such optimization is found by
slowly varying the ratio of rewarding stiniulus to detection stimulus. In the instant case.
the frequency of availability of EBS was varied while the odorant density lolfartory
stimulus level) was held an constant as possible.

Ten rats from Experiment I and five from Experiment If were studied for the
effects of unity EBlodorant presence ratio. Hlabituation was evident in those subjects
which had passed the 40-h conditioning regimen (during which time a unity ratio was the
rule) by about 29 h. Although the diminishment of the detection performance-as
evidenced by treadle press--was highly variable between subjects. the average diminish-
ment observed in all 15 %ubjects was found to he a drop to about 0.7 probability of detec-
tion. Since all the selected subjects had evidenced 0.9 or better probability of detection at
the end of their initial 40-h conditioning regimen. this diminishment of performance was
significant from the standpoizt of practical application in explosives detection service.

As the EBS/odorant presence ratio was varied from unity to 0.3 by withhohling
EBS in a pseudo-random manner, the average subject began initially to increase his prob-
ability of detection (d ,i to enhanced anticipation) and then extinguishment again ap-
peared. The curve of Figure 12 represents the average performance( of the test subjects.
Note that there is -a region, termed the -Zone of Maximum Anticipation.- where the
EBS/odorant presence ratio may be varied over rather wide limits (0.7 to 0.5) with little
change in the qoberved detection performance. (On either side of this zone. performance
begins, to deteriorate rapidly. especially as the ratio diminishes past 0.3. The data
boundary' point noted on the curve represents the limit beyond which it seemed inad-
visable to go since the extinguishment of training wouhl have been inimical to the ex-
perimental effort. The extrapolation (dashed curve) seem% ' be appropriate, but actual
data were not obtained in the lower zone for any rat.

26. Verification of These. A and B. Prior to this research effort, there were no
known data which could .uneluivocally demonstrate that rats were able to detect TNT.'
even though assumptions were voiced to the effect that this capability should exist. It was
essential, then. that Thesis A be proven valid at the earliest possible moment in the
'history of the research.
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W~hilec Thtese A and It are indlividual voncept-utal entitie" and veri ficat ion of each
%as vital to the experiiii-ti. it Ib'vuine appiarent early inl the formiulation phases. of the ex-
1wrinient that Th~esis A %a-, miost convincingly pirovedi by the concurrent proof of

Thusi. this. Phasec of the experinient i %as. designted to include lthe s.tep,. below:

a. 'The ra! %~as -hiajeul as ile-rilied inl 'Section if. -NIETII 1)S ANDI

1). Treadle pressing resultedl in EIIS .. f-stinituluotiI (in %hen TNT vapior

ias present.

v. Op)tinia, valties for rei~fo~rtcenientiit~fac-tory stiniulttý ratio were deterinineil

(Figure 1)

lit cotrpliance with this schedule, eaitcl suljeet was shalteiI until it w as vert Iain

that the relatioinship betweeni treadle piress and the reward of HIS~ was firmly e"tablisheil.
Table 4 shows a cftni1 arison oif the (shaping) self-tintidalaizg activity of 10) randomtly

selectedl rats. Tlhese data show that the stiliject attinialk clearIk revogiiized the- relationship
between treadle press and the generation (f [fie' highly pleasurable 1:115. The sessionsI
enumnerated lin the right col omit were each approximately !, I in dtiration % ith a max-
iioitnt of five sessiont perrmitted. Lach ..nbjeet w~a.. iteted fur niaximtal reslionse in the first
se,,,itiii 1v %arving the stimul~ating signal cuirrent and lthe duration of tife hiiHdar EB

si~t.-al deserilw'd ill Figure 5. ( )nlv those subljeets w ich %ouidl re-lpondt to LBS signals inl
the range of I(X) 1sA to 53M) AA were coiisidered uisefuil to the program.

Table 4. Self-Stimulation Rates During Shaping

Treadle Press Rate Stimulus Signal Stimulus Signal Session
Rat 11) Per."inuite Amplitude (puA) Duration (ill%), Number

Ao 300 300 4
B 197 250 300 4
C 04 250 50 4

G44 200 550 3
S .70 250 2150 3'
97 64 300 2002
(8 lof) 200 200 2
100 170 200 150
103 110 200 15 2S

104 170 NOt) 150ý

Rat G, vvas. at this point, a marginal perfortmer, but at the end of the fifth and finat session, he .achiecved the m~ini-

mal requirement of 6.0 treadle prev~ea/nunute.
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The rationale for the choice of these limits was:

d. 1(X) AA was believed to represent the lowest signal current which could result
in a reliable stimulus to the appropriate structures in the Medial Forebrain Bundle in
view of the subject-to-subject anatomical variations and considering the signal "scatter-
ing" resulting from the volume conductor nature of the brain tissue.

e. 500) A represented the upper limit of safety from the standpoint of tissue

destruction resulting from heating effects and from electrophoresis; further, it was known

from earlier experiments that signals much in excess of 50()0 A could result in excitation

of neural structures which cause behavior radically different from that desired (see

paragraph 14. "EBS Signals").

Ultimately. 300 jA was chosen (prior to formal data runs) to be the optimum
stimulus current, and this level was held constant in all data runs in both Experiment I

and Experiment I!.

Similarly. the duration of the EBS signal was varied in initial testing and

only those subjects responding maximally to stimulus durations ranging between 150 ms
and 3(W) ms were chosen for further testing. It is important to note that stimulus duration
is not defined as the pulse wi-Ith of the stimulating signal which was held constant at a

pulse group width of 600 ms: rather, stimulus duration is defined as the pulse train
width. Since the pulse group repetition rate was set at 100 Hz. a 300-ms sinal consisted
of 30 )bipolar pulse groups.

This duration was set at 204) mis (or 20 pulse groups) for the stimulus periods
between EEG data taking sessions. and thus. a -standard" ERS was defined.

In addition to the limits imposed on the acceptable range of EBS signal

parameters. the rots were required to attain a threshold rate of 60 treadle presses per
minute. at the end of the fifth half-hour session. Those subjects which did not reach this
level were eliminated from further experimental service. Rat G was in jeopardy at the end
of his third sesion. as evidenced by. his press rate of 44 per minute. By the end of his fiCth
session. however. he achieved the reluired rate of 60 per. minute.

It is of interest to note that the self-stimulus rate variation of nearly
four to one (in the sample group shown in Table 4) in thee early sesions did not repre-
sent an y predictive index of performance as far as detection probability was concerned

for tho•e subjet"s which survived to the final phase of the experiment. Data of the type
.shown in Table 4 were essential, however, in verifving that correct placement of the EBS
electrode had been achieved during surgery. Clearly. this was the situation for all 4ubjects

shown, although Rat G was a marginal case., especially in view of the 550-ms EBS dura-
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tioll Iecessarv to cause this subject to stimnulate at even 44 treadle presses per minute inl
his third session. Rat G represented the lower limit of acceptance of thle group 20 .ubijcts
.surgically preparedI for the second EEG experiment, while Rat B represented tki' upper

limit of performance of this group. In spite of his low seif-stiniuilus rate, Rat G was anl ex-
cellent detector of TNT, and he manifested evidence of extreme pleasure uponl receiving

EBS. Further, he tended to sniff at rates in exce-s of 9' sniffs per second1 %hen TNT vapor
was present as compared to the group average of aboutt 6 sniffs 1p,-r second. (Normal

breathing rate in the absence -of TNT was generally about I rale per second inl all te~t
subjectsj A high sniff rate was usually present it% those animals which seemed front
observations of behavior to anticipate the pleasure of i BS to the greatest extent.

IWhen a subject such as Rat C, or B had s-hown interest in s.elf-stimulus, the anlimlal
was then available for use in proving Theses A and B. This regimen began by placing the
subject in a Faraday Box restraint in such a manner that hie had access to a self-stimultis
treadle. After acconimodating to the restraint (Figure 41. the subject soon began to self-
stimulate as he had done in thle, more amicable environment of his shaping Skinner Box
(Figure 11). andl f inally all subjects appeared to bie almost obliv ious to tile initially obl-
noxious restraint dlevice.

The subjects were allowed to self-mitimulate for about an hour at a' 1.) treadle
press/EBS ratio. and then an automatic sequence was begun in which the EBS reward
was present only when TNT vapor was dlelivered to Ihe lest box.

Figuire 22 shows the'greatly smuoothed resAponse of 101 randomly rhosen subjects
I to this environment. Initially, an a verage subject tended to press tile treadle at a rather

* high rate, but unless a press occasionally coincidledlwith an -EBS 4ON' mtode in the s--4
quence. he soon lost interest in the treadl. Psder a few successes iti obtaining EBS.
however, the interest was' renewed as evidenced by extended high-rate pressing for upl to
15 s or 20 % after EBS wag discontinued (Curve Al. After about 30 Hi- sessions. this ex-
tended post-EBS pressin g had nearly disappeareoi. which implied that the subject hail
most p)robably bettun to recognize that EBS would be forthcoming onuly when TNT vapor
was present in the test chamdwr. A It the end of the fortieth 1-h session, the average subit-vt
had teduced his false signaling probability to about 0i. 10. and hie hadl brought his true

*alarm signaling proMbabilityv to abiout 0.85 or better, as shown fin Curve C.

The foregoing descr ipti on greatly simplifies the regimien required to achieve the
final test sequence which -was derived after *many trials with 44) rats during a period of

nearl .y 2 yr. The reader is exhorted not to viewv the simuple denouement as a measure of the
difficulty of the experiment. Numerous variants of the final hpr(K'edln were attempted.
For example. the session length was varied from 15 mini to 154) min: the EBS duration
was varied, the re'.traint was alte~red or even eliminated, and so onl through numerous
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iterations of test parameters. Toward the end of these preliminary trials., the only
variables which remained unresolved were session length and olfactory stimulus jinlelsi-

ty. It was (decided that a change ;in odoranit intensity was not advisable at any point in the
formal proof of Theses A and( B. since it introduced an unnecessary factor which yielded
no useful results in this research effort.

Thus. the fprobredure for verifying These% A and 8 wait derived and applied to the
test groups in each of the overall experiments as noted above. At the end (if a 40)-h test se-
qfuence. the a'verage subject clearly verified the Tkeses bly his behavior. fit the 'absence of
TNT vapor. the subject generally ignored the treadle after about 30) h of conditioning, ex-
cept for anl occasional random preSs 1perhaps this repreSented an attempt to hasten EBS.
or just -to see if anything good would happien"). When TNT vapor was present at the
440-h point. the animal began furiously to press the treadle in an attempt to extract the
maximal pleasure from what it may have come ito recognize as an ephemeral event. As.
noted earlier. there was approximately a 5(X) * 70-ma transit time during which the
TNT vapor bolus leading edge traveled from the Solenoid valve to the test chamber. By
using the Solenoid energizing signal as anl oscilloscope trigger, it was always poisihle to
observe the first treadle press signal and( thus a measure of latency was obtained. It is not
possible to accurately define true physiological latency in this manner, however, since
uncertaintv in odor bolus transit time was so great. and apparently the animals
occasionally were subject ito spells of initial inattention-as are humans in long. boring
waits-and this 'factor possibly could add several millisecoinds to the apparent latency.
However, it was always observed that the first treadle press was achieved within I second
of the origin of the trigger. Considering also that the concentration of the odforant bolus
leading edge was probIab~ly lower than that at the c-enter, Sonme indeterminate delay -in
Signaling may havellbeen tiue to anl inadequate olfactory signal or diurnial variations ill

olfactory sensitivity. In any event, the response was always. rapid when TNT vapor. ap-
peared, and the treadle pres" rate usually approached' that achieved in self-stimulus ses-
sions during the final Shaping ebxplbrimentsý For exa 'mple. Rat B was observed oil sebveral
occoasions to he pressing at a rate of 170/min during tht! 10-s -TNT ON!* time which cor-
responds well with the rate Shown in Tabler 4 for hisl fourth self--stimulus sesion."s

IL borlfarin eatte relaling I., ;m.. race nerr anaeamulatrol afte Prhc. animal W arfluterlnJ at Irea. the. req1uired minmIum. rate to(

fillmin within fi... lraianinit .c..iona. %iowe thenw slai were ouhjeeae lot maw alepee .lf diurnal iarnulin5 aund wpm .4
noe Iu;rbree,.tla *Blur.I. lb.' th wne~e l %Jrr .*a44444ra rebull.. the iorre.'nm. Purk animal boa. plami~ ine a Skinner Hl.. aund

4werveed vrt~ually .imply Igo a,.urr the. a.... ..perruallb that no, rerc..i~r ialeehi.. pattrm, head leerme c.aubli~ied. No. igneilireat

I > 20 percent)l ,lmmiflulit.n .o( pr~. rulo. %efr recr s"1104l ofil..epaeit lob final JAmong lile"- wcnerl neck.h .41 tallal inme, is ile
homl awrrurredl between te~a .c-i.Ne. No, tbl..eraficbrn were made after edausirol ru.nliliomiag wan iurua. .irwnew Irn, ffdle pfeoAlfl

woo Basgin alftencaftuler thli. milc ow a.nes. aahir4.ice
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The probability that the observed behavior is due to pure chance is small.
It would have been necessary to apply various statistical tests (T-Test, etc.) had the results
indicated signaling probabilities in the presence of TNT vapor of 0.50 or less, and signal-
ing in the absence of TNT to be 0.30 or greater. Since these signaling levels were never

observed in subjects which survived the first 10 h of a TNT/EBS pairing test, it was not

considenred necessary to resort to statistics for any type of assurance as to the validity of

the observed results. It is significant to note that earlier work" with dogs resulted in

much the same behavioral patterns only after several months of operant conditiorting.

The realization that rats could be so rapidly and effectively trained was.

gratif ing.

It is important to stress at this point that the exact nature of the olfactory cue

was'never a nmatter for investigation in this rest arch. Certainly military grade TNT con-
tains several substances in addition to 2.4.6-trinitrotoluene, but these substances are

always present in approximately the same propertions in all samples of military, grade

TNT. and thus it is of no consequencli to this research if the animal identifies'one compo-

nent or all compranents of this explosive, since detection of the iggregate substance is the
desired experimental goal. Further, the matter of distractants was not pertinent, and
hence this avenue of investigation was not extdored in this resea--ch. If is evident from Ar-
my research with canines tlhat certain substances (e.g.. cocaine) applied topically to search
areas can reduce the olfactory sensitivitv to the vanishing point, but there would have
Jwenno merit in pursuing this matter during thtse experiments since the protocol sought
only to prove that detection could occur and that this act could he made evident by the
bio-en-or animal.

Similarly. no extensive effort was made to find the "'uhimate" neutral stimuli
since, in effect. any" olfactory stimulus other than TNT was. by definition. neutral, and

degrees of neutrality were of no interest. In the long term, the matter of distractants (or
non-neutral. inn-de•iredh stimuli will be of interest to the overall program of the sponsor.
but such investigations were totally lbvond the scope anti intent, of the instant program.

In ,-unmmary. it was unequivocallv yhown by this e7[perimental se-tnence that rats
could in fact detect the odlor of TNT valor and that these mammals could be trained to
signal reliably when they were aware of the presence of the- TNT vapor. Thus Thesws A

anti B were shown to he valid assumptions. and the procedures for inducing this condi-
tioned behavior were entirely justified for continuing use throughout the remainder of the
exlp-erimental effort.

Nol an. R. V. and Graiilte. 1. I... "Miin lrtmiing (;anint." HeINt 2217. U.S. Arm.y, MEHAINWOM. For IIlI,,ii.
A irginia 1]1977).
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27. Verification of Thesis C. At the conclusion of the test series which demon-
strated the validity of Theses A and B, it seenMed evident that Thesis C would be relatively
simple to verify and, in fact, this was the situation. Using the conditioning regimen
described earlier, five naive but behaviorally shaped subjects were chosen front the early
population of animals used iul Experiment 11. Each test subject was given identical
TNT/EBS pairings, thus stimulating sequentially what would have occurred
simultaneously had sufficient laboratory facilities been available.

The learning patterns, while exhibiting variations due to the ever-present
physiological and psychological differences in subjects, were. overall, similar to the
general trends shown in Figure 22. ant at the end of the 40-h training periods, all sub-
sects were performing within limits of about +-30 percent to the parameters of Figure 22.
These limits compare favorably with the recorded performance on canines in earlier ex-

periments."s

There are several potential sou,.,-t of error in applying sequential training
to a simulation of simultaneous training. hist the magnitude of these probable errors are
of secondary importance when one con-,iders the individual pwrformance differences
known to exist across the total subject population. even in the "clone-like" population of
the Sprague-l)awley rats. One %ource of experinmental emr is the diurnal variation in
relative humidity observed in the laboratorv. Over the 5-dav intensive test period used
here. relative humidity varied between 60) and 80 percent with in-test variations of 5 per-
cent or less, while the temperature of the anuhient air was held to the range of 700 F to
750 F. These two environmental factors will result in some variation in the eonm cntration
of TNT in the odorant bolhs delivered to the subject. and these variations could cause
%sme variation in the detection performance of the subjects. No valid argument-pro or
con-can be made for the magnitude of this physiological variance, since the present
knowledge of the entire olfactory pro'ess borders on ignorance. Further. since it was
always assumed that the odorant signal was well above the threshold for any normal sub-
ject. these small variations in odorant concentration are must probably insigoificant as
far as this research is concerned.

Of far greater significance is the diurnal variatiotn in the psychological factors
attendant to detection. and these effects would pertain regardless of whether the testing
was sequential or simultaneous. Certainly rats exhibit daily changes in mood as do all
mammals. hut the rat. probably by virtue of its lesser intelligence, does. not manifest the
great swings in willingness to perform a given task, which is routinely observed in dogs
(and humans). The psychological factors cannot he realistically evaluated in objective or
quantitative terms. The collective observation of the research team indicated that a diur-
nal variance in a perceived "eagerness to work" of perhaps 5 or' 10 percent occurred

Nolan. R. V. and (raviner. I). L. Mhw ttine Mqgijn C .ain.." d 2P2uT17. U.S. Army. MERAIM4IM. For Mv.-ir.

Virgina 41977|.
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across all subijects. Sin~e such obseMrvat ions catilot lbe g'iven1 great scientific credence. Mec

impact iif psycehologicalI factors and observedl behavioral minuitiae were adjudged to bie of
marginal significance inl thie proo~f of Thesis C. especially sitice all research participiants
agreedl that "little variation" was evident in indtividual sUbject performance throughout

all% 40-h test period. Sinice it was not possible ito evaluate accurately the psy chological.
status of aniv test ýuijbect atai ieun ,l nlyasum that any -ubject a prtn

(aS a detector) at somenic nar mid-point" hetweet, its maximnum anll(minimum limit.- at

any% given ltile. If this premise is accepitable. then the possibility rxistsý for indeterminate
uniit-t~munit variations in performnatce. regardlless (if whether'the units were tested sequen-
tiall-v or siniultaneiously. and thereforte a s-equential test program c-all indeed simulate a.

sintuiltanetins test.

It is itiost implortant to note here that the continuiously, observed ind~ifference evidenced

oý all test sulijects toward mani as anl individual argues strotiglIv in favor of thie coincept of

automatic trainiin", sintce even if thie test operators wvere chaiiged several times dunn",

trainitmg there would lie no resulting implact lIJoti the depth (if conlditioliinc' 06

This' filial factor is of great significance not only to the immediate test results.
lint hi consideration of future systemts emnployinig rats as biosensor dletectoir elements. sinee
the oiptinmal biosensor anintal tiulst be one which req1uires 11(1 emiotional ties to) any
hluman element iin system operation.

Considering the argumllenlts above, it is possibile to state that the a~stimptioli of
Thes.is C~ is valid.

28. Verification of Thesis D. It' became apparentt through behavioral oibservations'

ill the earliest p)hase,- of this research, that ati emotioniii eveli oif extremie initensity wasý his

Alueed liv the arrival (if the TNT vapor/air mixture at the flar'es (if properlv traitned test
sulijects. Simiilarly, it was apparent that little or no0 excitemnelt was manifested by the subl.

jeets when neuitrai olfactory stimuli w~ere dlelivered. Even totally nlaive oblservers- were
altniot imimediately able to determiine tLe niatuire oif the appiliedi olfactory stimulus biy
-imply watching the groi.s behavioral chtanges which occuirredl followin-i a('tiv.~!ions of thle
jitloratit delivery relays., Comparisott'of these "blind ttesi observat ions with a pre-platned

sltimluts delivery schedule denmonstrated that-after -perhaps 5 mitt mf test observa-
tiontlthe oblservers ('(1111( (niiectiv state which relay activations'cauised TNT vapor
dlelivery anid which allowed a neutral stimtulus to pass, tti the subhject.

Emoitional events of this magnitude suiro 'nust restll fromt strong excitatian
(if sonec undefined fo~cus or foci in the braint of [the test subjects. The nbosi-lik Iely locus for

these foci is in the, structure of the hir '-ic systemn. amtd onie wouldl~ therefore expect to find
the stroingest even1t-relatedl potentials in the chinguate. EEG electrode.

1(6 To meud menr~ii, a 'I(EPio oi.. ,,f E'n'mr ISii l Ihi% ron- duiunsg,tlisi reseanhi. onml% sto ir.t. iqfaior %a. r pj'mpnll ii, the

mandisw whic'h hinsmas is hsandsling ihem p~hysically or ss1 tiraisonailv,
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While all anaivses were directed first to the ensemble of three elecrodes, the final

analysis ultimately was concentrated in extensive examisiation of cingulate electrode

signals.

For the sake of historical completeness, the analytical methods which yielded
minimal results will be summarily described first. Following these descriptions, the
algorithms which successfully elucidated event-related sqFectral features will be discussed
in, depth.

a. Pearson Product Moment Correlations. In Experiment 1, the raw analog
were fed into the data system described in Section i1. In this system an analog filter ad-
mitted frequencies between 1.0 Hz and 39.0 Hz i l2-dBloctave roll-off) to a Schmitt trigger
which, in tur.a, delivered a series of pulses which were the analog of the baseline crossings
of the applied EEG signals (see Figure 17). Only*signals from desired~data epochs were
ahowed to pass through -the gite in the signal stimulus detector.

The desired epochs thus delivered triggers to the Computer of Average Transi-
ehts (CAT) which scanned through its addresses (at a 3.2-kHz rate) in the intervals
between triggers. The digital processing in the CAT allowed for combining like addresses
in the 26 EEG frequency bands shown'in Table 3, thereby generating histograms of time-
in-band versus frequency band.

Thehist,,grams so derived then represeuted the relative power spectral density
of the data epoch .,nder examination. Computations of this type were made for the
following permutations of stimulus events:

Pre-TNT vs Post-TNT.
Pre-Neut vs Post-Neut.
Pre-TNT vs Post-Neut.

These data were then presented !o a PDP-1 1/44 digital computer programmed
to perform Pearson Product Moment Correlations upon these histogram data from the
CAT. The correlations were 'made from the 26 data points in the power spectrum in the
permutations shown above.

Briefly stated, the Pearson Correlation is described as:

Let X =(X, X2 .2 X.)

Y =Yj {Y 2'... .

Correlation between. X and Y. is accomplished by pairing

(X,. VYd (XV. Yd)' (X.- Y.)
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The general results are available from these da'a. From the CAT. the relati'.e
Power spectral density between events can be, exarlined. and from the Pearson (Correla-
lions, a measure of thie statistical relevancy of the examined events may lw obtained.

If the background EEG signals were statistically stationary during the Period of
a data epoch. then this technique would have considerable merit since it is sensitive to
change, in the s.pectral density so derived. However, even in test subjec'ts which are quies-

cent physically. the EEG is far from satisfactory even over a I-s interval. Over an 8-s in-
tereal. such as was used iii this early attempt. it was son evident that :he Pearson
metbliod cannot accomimodate the background signal variations resulting from normda
brain activity.

The data were examined for evidence of low correlation coeificient nuambers
which wouhl indicate that a change in spectral density had occurred %.4ich was uniquely
related to the stimulus event occurring in the post-stimulus data epoch. it was postulated
that. when comparing elmchs with high' stationari'vy high correlation coefficients wouiHt
appear when a stimulus other than TNT occurred and loI coefficients would appear
when a TNT stimulus caused an anticipatory shift in the post-stimuius i-ortical EEG spec-

trum.

A glance at Tables 5 and 6 (which depict data from Experiment I]) will
show that this ideal situation does not exist. Table 5 shows a slightly higher mean value

for the coefficients than does Table 6. and one is tempted to assign significance to the fact
that there is a greater shift in the pre-eventlpost-event TNT coefficients than existed with
pre-eventijloSt-event neutral stimulus data. Tables 5 and depict-only brief samples of
the data mass. but nothing of greal significance was found hv this method w hen over 10W)
d!ata epochs were examined by the Pearson Correlation Method.

It was also tempting to ascribe significance to tsl served changes in each of the
26 EFG frequency bands, and. in fact' early in 'Experime t I it appeared that there was
an increase in "nornmal" spectral density in bands I thro ugh 4 and bands 25 and 26
when. and only when, TNT stimuli were present. The T est gave some indication that
statistically, a change did occur. bit. overall, the results ivere t1m nebulous to consider'
from the pragmatic credo which drove the experiment. Fo this reason, the Pearson' cor-

relation methotd was abandoned in Experiment 1. It was te: ed again in Experiment il (as
rnoted in Tables' 5 and 6) and again there was no significant merit to the method, and thus
this signal treatment approach was finally dropped from further consideration.
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Table 5. Pearson Product Moment Correlations: Neutral Event
Session 2 (Analog Tape 2A)

Rat B
Pre-Even t/Post-Event Correlations

Event No. EEG Site* Correlation

P 0.289

2 0 0.357

4 P 0.549

5 0 0.663

7 P 0.525

8 0 0.610

10 P 0.504

11 0 0.369

13 P 0,782

14 0 0.831

16 P 0.732

17 0 0.651

*P= Parietal
$0= Occipital

Pre-event = 4 s Orior to olfactory stimulus.
Post-event - 4 s after arrival of olfactory stimuius.
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Table 6. Pearson Product Moment Conrelations: TNT Event
Session 2 (Analog Tape 2A)

Rat B
Pre-Event/Pdst-Event Correlations

Event No. LEG Site* Correlation

P 0,401

0 0.342

4 P 0.644

5 0 0.646

7 P 0.72,2

8 0 0.532

10 P 0.347

11 0 0.100

13 P 0.139

14 0 0 0.350

.16 , P 0.395

.17 0 0.273

*P - Parietal
00 - Occipital

Pre-event = 4 s prior to olfactory stimulus.
Post-event - 4 s after arrival of olfactory stimulus.'
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b. Specltral Separator. In an attempt to locate the mio•t applJicablhe telhnigjle
for idei'ifsiug the prese i , of an unki• in signa! ill nisle. wietral rganizatioii-ý 'hici

were knom it) otffer exp.ertise ill i jlgal fealltlre extraction technii iiies wcre crititact I.
prnmi aiolzrilhni dii-l'oered during this search %as the proprielar techiqigiie iede% ed
lby FNSC(:). I nv'-Irrated. )f Springfield. Virgina. which was ternmed Slpwtral S.w'aratiir.

"rhis te'hnhiue •a• originiated to niea-ure •-ieetral iiffi-reies Ilet4eei (%io clIaseý (oif

ew ilt-w-ithi itl a priiri kii iw liege if either eiei--%hich %as the presumed1 h cas•e withi

the E: :A; eG1 ochs.

.--. nme t6Jat there are ni data septIierl is for t-ype X data. and that there are
ill data segpnun•t for type It dala. Spectral SeIarator thm:wi fuIictionsl as fol!ows:

"The power slectra of type A events is forieild anid averaged omer all ii sampe•.:

n.1
Pa(W J) I_ P, i~ o 161

% here

i ith record

(A) =ilteasre (of freqniencvy

also:

P( 7) = Pb (7)
nb ii

Then the variance of tv'w A and type It event,. is calhulated:'

a n - 1 . ' a"

and [ i [ (W) -. ,(W) 2  (9)

b b n
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Frimii tle- .tr- i.. deri~eul the relatiEiii~hi1I:

aniii Sj is. termed the e~tiinator or Speetrad Separator.

Nwa~Isrini that a i,'ew e~ent-a flew data ree rd-locconwes available, andi its
em~tr spwetrtlni P.1wi is forited..C:omi.iaii~iig P.1wp w ithi SW to formn R:

RZ lP, (W S(W)j
(. max =

w here w iuiax maxiamum freq~uency examined.

R tend. 14) be slualI if thle flew event lWlE)Itg to tile set (of type A.
and teids ito be large if thle niew event is of the set of type 1s.

Iher a large nundoer of events, a disitribution~ normially' owcurs. wherein thle
%alues for R for tipe A. e~ents are separated from the grouping (if value-' of R for type 11
e~ents as shown i in Figure 231. HI 0' tile group intersection popint. 6s choe-en and the premise
is 11aade that:

if R > RI then a type B event is likely;
if H < R,, then a type A event is likels.

The greater thle sep~aration (of H value% for types A anti B events. the more
lliss~yiular thle classe% of event-..We the differences, are lulurred-that is. %hen value- of'
RC fall nearly equalliy onl either sidle (of H, for each class of events-then there is low
p jrolbability that two (li6tinct classes exist. anl the eventst are therefore random occur-

* This techInique. is especially sensitive to claI ujfrne ic tsace

only for spectral differences, andi then it weighs these differences by their respective
va ri ancles.
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p R grouping of R grouping of
(R) type A events\ type B event

iK

R0 R

Figure 23. Spectral separator relationships.

The plots of Figure 24 show the distribution of R values for a ,egm,.a of data
set 5A (for Rat (4ý. It is tempting to examine such data and to visualize an envelope to tile
A and B groupings of R values, and indeed. Spectral Separator appears to show. in this
instance. some separation of R values for both neutral and for TNT stimuli. but the dif-
ference is slight, and statistically there is no real evidence of a sig,,ificant difference
between R groupings for the two classes oIf stimuli, as is apparent from the values for the
mean (fi) and for the standard deviations (a). Thus the techniqlue is of i;. ialue with the

data available."

Failure of Spectral Separator did not preclude the existence of an A ESC: rather.
this failure implied that the spectral variation is either too random in strncture or-too low
in amplitude (or both of these) for this method of detection."

c. The Covariance Proce'. One of the two successful signal analysis'
procesmse used, for the- proof of Thesis [) was an algorithm in the general form of the
Covariance process. The proces used may be deicribed hb the basic considerations
below..

T)he di'l of .xp;vtm.nI I wr s". ga l•,eeeA|in me, iP.rmm, m m I.ew uaing th1mew wi.misetiali.v I "de..n" rag.

Dhai ,Arivo f(ma Owe ,, .. Iul Analm.. .6.0w thai the , al I. tint rinMdO1M. rqelyi. | n in .UmplsweiIP.
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If we let each of N sampled fanctions of time iw represented as:

= x. x , .xKi (12)

where the meniJ of each function, taken over an interval from i to i + A is:

xK (A)i+6 (13)
A+1 jI

and the variance, over the .awne interval is:

S.r -1
(x (K j3K ))j(4

B% definition. the normalized average cross product oi any two functions, K and H. is the
correlation coefficient:

C'i(k X. A) = j[K [

j.,| i , 'J.|

Since the normalization is with resjct to) the derivation, 0. we have:

C ,. Xt. A) = i. (16)

Considering now all pmosilble combinations of K and 1i in equation 4. the cor-
relation coefficient mairix is configu N-d as:
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(',(X,, X,AZ) ('i(X",X2, A) C iX",X3, A) .... C iX,, X,AP)

C.(X2 ,X 1,A) C'(X X2 ,A) Ci(X 2 -X 3 , A)'. Ci(X. X., A)

MC(X 3 , XI, A) Ci(X 3 , X 2, A) C,(X 3, X 3 A)... C(Xn, Xn,'A)

Examination of the matrix reveals that it is synietrical about the diagonal. It
is then apparent that only h:df the matrix-excluding the diagonal-need he calculated.

F'rom equation 16: C(X 1. X1. A) = I

ant C:,(X 2' X2' A) = I and so on.

From equation 15: (( XV. X.. A) = (: XII. XK" Aý antd so.on.

If A i., termed the -sample window.- then this N2 matrix is defined for
every sample, i. In order to simplify the inspection of the enseruble covarianee. the trmhs
of the mat~ix thus calculated are summed and averaged as:

AI(A), 117)

(N2 -N)

where T 'is ,a vector of length N (1. 1. i .... ) (note that the diagonal i~s not
included).* A. then. has the Iurority such that:

!' A,(A) .-- !

and A is ero for enmembles which do not covary.

In the Figures 25 through 39. the ,un'e, dispIayed are plots of .AilA).
The values of A. given in data 1|mints iwr second. are shown on each individual plot.
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lIt carder te) max~imize f lit, tow a raanee (if the de-ired s-ign-al features. one-
ma,. iary the widith of the .arliplim in d hima. A, until the optinan in veaa value (ef
(,f)% ari Aee e('(ffeieat'i~ is eAltained for the speifie feature Jesired. It onu-t lie kept in
minid during, this Iarim-e- that lthe nuntlier of vum~ariant e~ ent-, %ill tia'rrease as A is iii-

rera-ced. and unti r~k.mre e~oents will cofi ar% a- A loo-cimnes suialler.

TIhis relation-hi p is ecideent front ee.taleaicz irthe nature (of ranelona andr
p1)seipe~-randeana e~ cut-. Gikera a w inelov whit-h : l arraiw and whilch cxanaine- a large
en-winblle of i went-. the pmarclli lit% eal vtw ci er moreeoietils~earnvutg an the winelew is much

greater than fear the v'ase oaf a woide Aindfiaw w !ieh examinaes a ninc'h larger peapulathean 4e

the -anie data.

J'ear the data tieel iii the' 1arerf eaf 'hesi- 1) lealatai:ned froona Eximwrinent Ill

the eemjaiater %a" Useed too pl.,1 v'eai irianve nieaj- icr-av- w inelitm Width fear all edata poaint
ialaae- aa A blvtwenr I and 110) f~or a spiecific frattari'. ~sach a* that %etn at data ipiint 220
in Figure 25. Fo)r this anil certain eahthr laetit. top jtimturn value rear A %as founde tea lie
I I data jrnpint, anda thi. 1, designated can all apaproapriate jaleat. as A I I. Si if lthe Figt~are-
1igures :31. 32. 3:3. 37. 38 andl 391~ %ere Faloleattei lsing A = 31 odata prnints. The rca-can-
feer lthe dlifferent A iuqielcw -iz.'5 woill lie eli-ci-seal- in lthe text Ito feelleew

d. C(:Variance in EEG Signalm. It i- iuanetaomant Itoa ceansieer the Iliia
ý-ignifie'ance 4a the ceai ariance perow"e- a- it relates lte th- edata (if the ex~terinaent. The EEG
is taci a -at ifacleari -taticanar% eiocut taken &- a' %lhttle. !isie tlie signals which e'eanajrise
thisý vwaiefearna are- ajaparenti, the re-milt eel neural eieiats whieh are intliviielall nooin-

evle. tic er at hees alweriomfire. fear thae inices part. The re are cert.-in ainuaseleartifact- 14 hicla are
r-. lie' and ci en -arntewA hat eaan-tazat in fro-qetwaNc eaer slacart tine FwflcNIx6 4 hreathiniz". heart
actiican. 'tc.i bucit there i. 1ace seatnel cilhlecace that there 6is-n-ig~icavat ceirtical ae'tii.itv related
teo these reacatine eieiat-. ( )ceasicauaal inte'zae inausele activ ity. !uch ia-, he~avy. deep sniffing.
clawing,. gnaw an-. andl -4a ccm. nia'a cau~se niectea c'cartex artivit 'v hich is liriefIv a sta-
tiaamaar', rient in lthe ELGA. anad these coamical activities, can t eancrivalilv wcuir in time -in-
ehrcni w itha either cirt.-neth a- thei -4plenciel activualticn signaal Ithe trigger sigaaall. Fur-
ther. it i6 rxtrenie'li likely that muiasehalr aeti% itye %ach a-, this can cawoe EEGA artifacts dlue
tea atatase-le articn l"atceitial.s. e-gieciahll if the-e looploteitiuil- eanginata in the general area oif
lthe head andl neck.

Since lthe ecu arianace jariewes -wrve4 Iea define area,, cal %ignal features acrross an
en~wIsetaie eaf data w huiih oian in lthe satne mannier Iaaat which dip mait nec'esarily exhibait
similar degrree oal araijeitialc s ariaticis. it is alw av hacassihlor that a large- inatowr signtalI
eeaa1ile, liv c-hance tend Ite ceiiar ai, elwA a ecartical tortral signal da mucha leawr ampihlitudce
vohich ~a- reneraltei in resploiwns toa aelfaqctear stimvulnis reecagnitican andl ERSI aniticipattimai.
thi11s euawinoý greater dorgreor%. cal ecaariance than weatalel eximt fair ana XESC altine.- it is neat

jacassihle. a jacasefricari. lti ieleuatifi.naaascr artiacin laatenlital artifacts., mar wati it fea-ilale tea
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continuously observe and record musclc activity in the test subjects. The rats were, as
described earlier, radically restrained and did not appear to tend' toward either con-
tinuous or even s.poradic struggling after accommodating to the restraint, but head and
neck musculature was most certainly in action during some poriion of all test periods,
and thus one must cite thesc structures as the probable source of much of the EEG artifact
content.

e. Detail Consideration of the Signal Analysis. Prior to discussion of the
specific details of covariance signal analysis and feature extraction, it is necessarv to
define the various terms used in the signal processing output plots.

As noted in an earlier section. the basic data epochs in. the digital data con-
sisted of the time intervals ranging from 4 -, prior to the trigger to 4 s subsequent to the
trigger. These epochs, in turn, were extracted fiorn the continuous analog data which con-
tained several hours of background signals inter-persed with the test periods in which
10's of olfactory stimulus was applied. As preliminary analysis progressed, it became ob-
vious that the 8-s digital data epochs were much too long, and even the slow .st "learning"
signal processor would need only 1 s of pre-stim•'as daia io enable it to evaluate the up-
(late signal data from periodic search intervals which would consist of olfactory samples
of perhaps 2 to 3 s duration.

Conseqiuently. the final data epochs were reduced to three l-s intervals
defined as follows:

(1) Interval T- 1: The period of data occurring in the. 14 interval
immediately prior to the trigger.

.(2) Interval TO: The period of 'data xrecutting in the l1- -interval
immediately subsequent to the trigger.

(3) Interval T + 1: The period of data occutrring in the 1-I interval
immediately subseluent to the To interval;

(4) The trigger, as noted earlier, is defined as the leading edge of the d.c.
pulse applied as the activation signal to the oNtorant-ldelivery solenoid valve relays.

(5) All is the vnmbol used to designate those covariance processes in
which the window width was II data points.
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(6) AM1 is the symbol us-ed to designate thos.e invariancve procemse in which the
window width was 31 data points.

()The mecan (if the etivariance'coefficients. seen as the abcissa (in mnot
plots, is specifically define]i in eqe~ation 6.

With these term,; in mind. 1 it will now -be oif interemst to e~xami!ne Figures 4i
thro)ugh 39. Figure -U) depicts a small segment of thoý raw analopg monopolar signal. ob-
tained from the cingulate electrode of Rat C'.. Hlere -are preserted 25 epochs of the interval
To with the relative amplitudes of the. signals mc~ntained in true relations.hip to the
original signals.

lIn this figure there appears tobe little similarityamn ths p-6e n

after considerable perusal liv the naked eye. but this is not surprisingsdnce this research
woiuldI have been completed some years previously. had such simple evid-iice of an

F olfactory-induced .4ESC been available." Data (if the general form of that in Figure -U)
were tested against each of the mathematical procesvoses described earlier it. this section.
anti. as noted. little (if consequence t4i the piroof of Thesis [1) was observed. Almost from its
inceptioin, however. the covariance pirocess began to elucidate signal features which were

qluite significant. since they were not only highly visible, but. most importantly. they were
consistentiy positionedi in tinie such that their oc'currence coincided with the timle oif
known stimulus-related events, such as trigger origin anti odorant iwilu* arrival.

Figure 25i depicts an early result of the application of the- covariance p~rocess.
In this plot one observes two outstandting events. First, there is a large peak near the left
edge of the plot. Since the abcissa of all figures (in the,' group of Figures 25 througli 39.
excluding Figure 30) represents I s of time-minus the window width-ýandl since the data
sampling rat, is 512 data' pointsls. the first large peak seen in Figure 25 occurred at about
-1) ms subiseqluent to the activ~ation of the TNT-odorant solernoid valve relay. At first this.
event was assumed to, be perhaps fortuitous, but after examinaition of 20 or more other.

smlrdata epochs acui,ýs the rat population. it became apparent that thislipeak must be
related to t he solenoid -, ilve relay activati-n in a relati-% -ly invariant manner. Suich a
'repetitive event was seen to exist also in all plots oif covairiance coefficient mean values
where the neutral stimulus odorant-delivery solenoid activ~ation pulses were the genesio of
the trigger. The most reasonabile explanafion of this ubiquitous signal feature is that it

represents the effect of the relay "click" on the auditory pne.n cicits in the rat
bra in!

oliutndoini data 14 thi. nature %err available (not 11"nbmn ildir ooignala nidmagind (noon the parieal aod orr-ipotod l ectro-i-ie and

led ime wi e,,n.-lwie that the ouptimum 41-54 leatu"w.Olo foer btim lie isanu the ortaxoni ele-trordie doesi. 11w bilmuoiar d~ata %ier

iwit exummined in ifrral dt~adi.n-er theu wiere foippwriuniatir laii taboo here~~m is was a iumpler matter w. ac-hieve. and

ainuethe, lb~daa c-.muld o~lev nuinthing which was ujnavailable in the muimipiila. mliii Thme remainit"O Mnwitinpuar l418 tno.m the

loanitil and- (orcin-iItal elre-troide u-iould loe examined in preater i'eph ai waie tultum date. fiood Gor thi. ro~eii-m-lm

tifle i-mimtild he aimnerd (room the solulittiunal etffii rt e ownoied in nu Ch mrnaleans.
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It must again bie eniphasized that, from the beginnii~g. there was intention
to attempt to explain the plhysiological processes involved in this research. The protoc-)l
sought only to prove the existence of a unique event in the EEG subsequent to exposure to
the TNT Stimulus event. Thi, philosophy remains operational and the only reason for ad-
vancing a supposition as to the nature of the peak a* *0 ms lies in the unique value of this
signal feature to the analysis process as a time mark and to its presence across all epochs
for all olfactory stimuli.

While publisheed data as to the value of the auditory physiological processing
lag. or laten, are scarce, it appears that thie observed 40-ms latency in the test subjects is
comparal;;e to thfit observed in humans. Since the relays were physically located at about
1.5 ni front the . raday Box and since the click can be clearly heard onthe vice channel
of the analog data tapes, one must assume that most if not all rats could hear the solenoid

activations. Considering that the artivation click originated within 2 ms of the applica-
tion of the trigger (the beginning of the l-s data period of Figures 25, 26, 28, 32. 35, and
38) and considering that the sound transit time was about 3 or 4 ins, a physiological
latency of about 30 nis added to these delays would cause an auditory, signal feature to
exist within the limits observed in the data. Thus this signal feature has been termed the
".,auditory event" andi will be so designated in the test to follow.90

The plot data for Figure 25 were derived from the raw digital data by the
covariance process by using a window. or A, of 11 data points. Note that this figure is
actually an enlarged plot of the cascade trace labeled 25C in Figure 28. The auditory
event. is clearly evident as it is routinely in To and No interval plots. Figure 25 shows
evidence of olfactory stimulus recognition, but, standing alone, this evidence would not
suffice for verification of Thesis 1).

Figure 26 shows the A] I covariance means across the entire ensemble of
165 experiments of neutral and' TNT stimulus events. Figure 27 displays the plots of 84
T - I experiments in which TNT was to be the olfactory s imulus; Figure 28 is the plot (if
the To interval of this data set; and Figure 29 is the plot )f covarianee means for the in-
terval T + 1. In these plots the ordinate represents the v aue of the mean of the unique
covariance matrix coefficients (excluding the diagonal ind the -image'" half-matrix).
Since the window is I I points, the total span of the abeiss is seen to renresent 512 - 11.
or 501. data points.

Frin the•e ,onwideration, And (nine detailed itdv of the many daia pitt *.hiained from earlier envarianc efforts.

cenrtain Ibasic ' o. rating parame.tr.s of a potntiial ral-|i,in.n r explos.,ive, ,Weri, |'anme apparent. It wa. folunate that the

auiiitory, v K:nal frotn lhie ,.lipran-tlelivrn . oiu,%h a% a.i s aailable to the rat% %inmr this signal could serve a. an alerting

signi4l a hich ".lmer.stn~itize,' the dllterwtr rat tit the ilmminent prm,,v i. an ildorant. and. of cinurm. the auditory

peak in the EEG -,,mild ,,rve a. a monitor (of the %late of awan~,, of #t" Jr.,m. r rat. Future mii- enw ma•or pnrgrammed t.i

re.,•iw. the sig.varianre-,eriv .,inal feature,, Ie Iirst-rilwi I•hlw can enphi the anditory ieak a% a "sig.ahwad" signal.

,! ..... *1



Figures 27 and 29 will be discussed in Conjunction with Figures 31 and 33.
Of special interest here is Figure 28. Several significant signal features are evident in
Figure 28. The most evident signal is the auditory event seen at about data point 20.
which is near the left edge of the plot. No siimilar structure is evident in either the plots of
T - 1 or those of T + 1, and this observation further accentuates the legitimacy of the
assumption that the T# plot event at 44) ms is indeed of auditory origin.

Since the transit time of the odorant bolus is known to be 500 + 70
Ins, a careful examination of the mid-abeissa region of the TO plot in Figure 28 may
reveal some evidence of unusual covariance at about data point 220, but in these cascade
ensemble plots, the feature is not as immediately apparent as one might wish. However.
after some study, it became apparent that these unique signal covariances at or near data
point 220 occur only on t1:e plots for To.

In order to make the feature at data point 220 more evident, a second
application of the cova'iance process was effected on all A ll data sets. The results of this
process are shown in Figures 31. 32, 33. 37. 38. and 39. Prior to effecting this processing.
it was again necessary to optimize the window width for the set of features known to exist
near data point 220. Figure 30 displays the process whereby a trial plot similar to
Figure 32 was analyzed for optimum A. The trial plot was the AI I covariance of the sum
of the p!ots of Figure 28. While the trial figure resembled Figure 32. AI I was not op-
timum, as seen from Figure 30 where the peak occurs at A23 with essentially a flat-top
response to A31. As noted earlier, a larger window is a better choice than a narrow win-
dow. since only events with similar covariance characteristics will tend to peak in a large
window, and thus the most accurate feature identification is obtained. A31 was then
selected and Figures 31..32. anti 33 were generated. These plots, then. represented the
A31 covariance mean of the AlIl covariance nmeans observed in the plots of Figures 27.
28, and 29.

Figure 32 is of great significance to, this research effort since it represents
graphical evidence of the validity of Thesis '!

To recapitulate the events displayed in Figure 32:

(1) 84 separate experiments derived from the data for Rats A. B, C. 1). 98. 100.
and 103 were analyzed over the To interval.

(2) AlIl co-ariance means were obtained for the ensemble of 84 experiments.

(3) A31 covariance means were derived for the st:numed results of the All

calculations.

(4) The unique features seen in Figure 32 were obtained only for TNT stimuli.*112."



11 k- pertinentt ni o% 14 ntie' to) Figutre 38 which is the eqluiialent too Figure 32

exCept that in this figure the data f~or neutral stimutli in the NO interval were eXamlinled.

)lt la,, toberie the clvarhý e% itlent autilittiny signal at ablitit 140 m-data pooint 22 is the

mnediant point-into thte NO interval. Illetwever. there i ti n significant. rtovarianre etibserieu

at[ data point 220. and there is im' significant pairing sutch a-. that -eerr in Figure 32. The
spec~iul significance 4)f the tintitail pewok in Figure 3_1 al duta pnint 2201 is~ that this
rep~resents tile earliest arrival uiutie of thle mitirant boplus (almotiat .( r4)rl.p~-rge

Likewise. the singular confimuraltion andi amnplitude of the departure oif these peak6 foir
thle short peri~od of 150 ins 4or thereabiouts) fromn the backg-miund cntvariance when [the

TNT odoranti first arrives. ks also) significant.

lIn Figure 318. the earliest No peak which co~iuI poissibly. lbe related to anl
olfactory stintulus occurs at about data point 2W(. which reporesents a ltime just lIevonit thle

upper mieasuredl lintit ) of (itirant arrival tinie. Thus. while the singifý, large peak if] the

c-enter of No ensemble miay o~r ilia,. not repre-sent s~ome foIfacttory related event- there is lit-

lie dmloult that the twin Peak~s -cen in] Figure 32 are evidence of an event related omilv to) the
presenice of i'TN' vapor. There is. 4of course, no v.%alidi manner in which (tie might verify

that this event is truli anticipatory, bitt judging by tile behavioiral ,,lhservatilens made over

hund reds fd expteri nients. [lth- test subjects certainly appear toI extiorlence antici paltieti at

thie fir-t arriv.al oIf T NT vapor., Front this subjective fvidetce. it was determined that this

event will contittue to lbe c-alled art Anticipaltury Evoked Sliectral, Change in thte EEG.

Since all data taking sessions restilted iin interlaced TNT and neutral olfactory
stimuilation in a pseutido-randion manner. there c-anl be no reasort toI assuinte tftat the data

are ltime or event biasedi in any mtannter which miight accidentally prejudice the results.-

Returning to the renltaininig Figures 27. 29. 31 and 33 whichI are in the TNT set.

it will be seen that Figures 27 and-3 representing the T - I interval. andi Figures 29 anti

33, representing the T + 1 interval. show no features as signifieant as. thle eittstanding

twin c'ovariance peasks of Figutre 32. One woutld not exilct tn find any features related to

the 'stimiulus events in the 1' - I interval (of Figures, 27 anti 31 since the tes 't subject has
been in anl qnstimufated state ftur randount lieridmls ranging in length front 2(0 m or 30 % to
pierhaps 60 min for more prior to) the T - I interval. anti thu% lthe EEG shotuld shoiw only
the homeo~static processes typical oif the restrained animal. Intervals To~ andi T + 1 ob1-
viously also) contain,' features resulting fro~m the hoimeiiitatior prtisses. and ittterval

T + 1. shown in Figure 3:3. was p~resenltedI primarily to dernm-nstrate that lthe TNT
recognition feature elicited lov the covarialtee prirs apileamel to) exist oinly in lthe TO in-
terval.
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Finalil%. the Figures 341. 35.1 36. 37. and 39 miut hie examiined.

H.' atre :1 L 35. and~ 36 are thie neuitrat lintixaali hoinologues of the TNT tmuu plot~s of

Howues 27. 28. and 29. and Figurr, 37 and 39 are lthe honiologue- of Figures 31 andI 33.
Fi-'tre 31, i- the p~lot of the. co% ariance mueans. for the fuill secondl ininlediately prior to the
tin ger (the N -I initervall. while Figure 35 is the lj4plo of the I-s minerval immnediately
su1b-equoenl to the trigger (ht~e No interval) anl Figure 36 is the plot of the N + I interval.
'A hiCh is the I-!- interval folhoe ing thie NO inter al.

A!% wa!. the case %ith the samie timie interval.- for the TNT Iititului event.,.
tie- N -I and the N *+ I int,-rial plots show we, featuw~es w~hich hav'e significance to this
pirograin. Figurei :34. 36. 37. and 319 further show the quasi-stationany nature (of the
background lrEEG. Nothing of significance to olfactory protw"es is discernible it) the
N - I interval of -Hýures 3t1 anl 37 for tile reasupns noIted for the T.- I interval.
L~ikew i-. it is aplparent that no ol1factory events are seen in the N- + I interval.

Ba!.rd upjon the foregoing anal-,-is. it 6. %irtually certain that a unique feature
appears ill tile-oulpii oIt(f tile (:()varianlce ProIcess when-and oInly 14hen-the inpult EEG is
derived fromn a full% eoalditi(Inedl test sub~ject dhiring a lwritxl (If olfactory stimutlation by1
TINTl i apolr. Sincee tile ellleidaltiEn of a specific EEG; feature thus dlerived was the researcil
'roal in the effort directed toward Thesis 1). the 6ovarianee Prtwess couild have served] ad-
niiralilv a, tile single mietric for the proof olf Thesis 1). However. the continuial search ,,or
sulitable signal processing teclliiaues led to thie developmnent (If a secondl prcs which
%a.- alsoI cap.able oIf recognition of a unique EEG event anti which appears not only1 toI

1erifv the results of the Covariance Process, lbut w4hich alsoI gives an inlsight into the
nature of the Anlticipatory Evoked Spectral Change. This jtrocess-the Seginentation Pro-
(P55-in concert with tile Covaniance Prot-es-i. leaves nto doubt as toI the existence of the
unhiqule feature i-al led for-in Tihesis 1).

f. The Segmentation IProeefi. Tile sec(Ind niathematical' technique whichl

offered conIfirinati4In oIf Thesi% 1) was dlevised by tile BDII) Corporation of MeLean'.
Virginia, t11141r the guidance of D~r. Igor Fr(Il(w. The basic nietric is nmuch akin to the

Specurd'I Separator jprocesis elescri~wd earlie'r. n the Spiectral 'Separatoý roce~Iss, the 1-s
data interval Prior to tile trigg~er was' cohljaredl to ltle I-s dlata %egnient iniie'diatelv sulbS4-
fluent to the tritager witih a w4indow widthl (if 1 s. whtereas the Segnlentation Process ex-
anilines tile saine interval- (and i~ ore) byv scanning. using a smnall stepping window. In ad-
dition~. tile- Seginleltation~ Proce%'s offers all update function w iiel pllaces tihis scanning.

iterative process into the category (If an adlaptive b-atalre extraction technique. As a result

oIf these addllitionial step~s. the SegmnlfItatilln Prove~s% was c'apablte (If detecting the AESC
%thienl tile less conliplex Spectral Sewparator roi'ild no(t.
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T'he basic prueesý *i. de.fined filwAl :

II I Defille all iliitiaIl~ ind'I411 A col111,i~lln of tile finrt N oijmt,~ of a gikvn

12) lDe.4rille the signal %ithiui the Aiodo% ii-aug all app.1 ropriate itica-utre -1141 a,
tile i~mmer IjWOvtrumn.

CI 31%ot alu'lla tihe lttlve a~i, in incremtent?. of I jnoint,. each tinie defininig a ne%4
% iiiuiti of length N andi volbn;utlplog the IllejIt~Egmane

t -long a- the lie% nIeamire. % hen comnparedits that of Vs is lIs. thati it pre-

'sjwcifiell Ieu el :3. 'ste 3 -repatd. I )theru~i-e. iu~tivuif% the asgnnn f a lieu -4-g14ent

amnd return to -tei) 1. ta-inlg the reinainioii- tinir ýerip~. in all ftirther calculatiott-.

Stated l aifferenitlu. thle- protwe- iý dlefinedl it.:

loet the ra% EEG( data lw- e~pre,--rd 1l.v the l'otrier tr~atisforit

NN

I~r N M i 2 mt
NN

The juiwer -sec4tromn. themi i~

P Io Vlntl + 142Ino 20

%hiere PtIntl = rth eiciimfls etilt of lte jibli me j i~~ jectlnum.

L~ikewi.-C

P141Ni ntht conlailotftet (of 1114 Oi.. potower !-jwtnimn.



The iariam-e iif the jth iiter% al i.,

N Y x (211

,Ahere \=-ml en

ant i the i Uriance oif the Oth htler al i s-

2 N, 2 22p
N g

IAIt N Ise the iuvnlser .,f d1ata point, in the window Vi, then the error ftisition.

,or the dlegree to f mii-ia tcIi set we)ten I fr ne ýarn,.I)e# I in the (hiii interrI al ano tI Il folhll4 iti.

into iier' al-. i- then dlefinedl a-:

III lphjv~ial tertvi-. thi' techlniflie uua% for rn% i-ioume.I by exazninirn- a W-1111ent

of raw data .nech a-. that 4h..n in hg-urr l6. If the anali... lwgin- at exaf-tl% I prv iti

the a~l;ent of the TNT trigger. the bseginning opf thi- interval will Ise thie Oth j,-iitjai Eof

the w inuli. andi thi- w inollqw will for termed U',,. The w inilow ii. then ?-tejqloed acronIth

,e-moenti of data in 'n~nin.of I equtal top 101 data ;rnpint-. At each .tep. WI u 2

the Isomer ýIsectral i ariati I- fwuated agaim-t a poredleterrmined thm-hodd. 0. If at an%
Itep the thire,'hodl i, niot e-4 erded. E I ilteqated 'agaiIn!.1th powelrn~ ;oectral vtalue deter-

mietin U',t~n ie epr -- ion 6. 'alsose. If the thre-holil i'. e-mtetded. then the original
U,, 6~ tdi-arslei and the % ' t at V then lweotn~e the new '%, ohich then rernaius fimxed,

at itý dlata juuint of origin ~i itil it. in tlion. i- replaced loy a later W

The ,rleelion of w inolow' w idthi i,, of con-idlerable , .ignificance -mnce an

injudiciomu ch oice can imp- ir the Segmentationml~ie top the ;rnint of failure. The %win-

soltw ~ize. a.- in the 6ovaria ter l'orewe,' can 1wr varied bsetween I and 512 data Iwointý,.

Reali-ictally. the lpractical I imitp, range betwee-n 32 andi 256 data grin, inee window..,~
-nu1aller than 32 will show to IN the highest frrjeol'1.*11 410111ponents. while windlow, larger
than 251h data lNoinlts may e ieoi the borief Iwcrimt-I of qjuasi-l.ationaritv which have beren
-pen ito exi*t in thf-e data. A ter ýrvrral trial 1281 data ipointi- werr ch..~en ito Ioe
tile optimum window for thi data of thio, rr~-warch.
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Th.. lhre..hold saho. of a. •. ofaF %a, lected hby trial ft-r thi-' initial or(o.'e-.
Il.ater %ersioon of the Segmelntationl l rce-ts lila, allow for automatic thresholdl net.j The
1inimnin % aih.' for a % am found t)l Ioe 0. 150 for the data examijurd in this effort. To ibe

ceI1" inthat thi!. thresiollht lel h a%&- a i1 toon low. a (Iltailed computation of 0 %as made
for the ca.e of random noise. It & a- dlrternii'r ed lo- thi* calculation that for truly random
or "' hite-" noise. the mean alne of E = 0.0 155 with a' = O.04XKXO•5_

Figure 11 depictli' the re-ults of appli.alntm of the •egmentation Process to a
sIngle '" NT stimuhun experiment fr oui the data tet for Hat B. The window width %a%
-. i--a!. it waý throughoot the final iteratioln of lhi, proces--at 128 data point,. 'riTe value

of 0 wa.- 1.0. Note that the alin-a in the time axi•. and. in terms, oif the (:ovariantce Pro-
vE.-- lcrminiolo-., inlermiae T -- I. TO aod r + I are contiguous in presentation in thin
and all similar figurep. in the -el exlendimg frtim Figure 41. to Figure 58. Since the ex-

In'rinuental apparalu.n was known to manifest a 5(W) * 70 mn delay between the trig-
ger--vwhh oIurn. in thiý figunre at I.1) on the Time axis'-and the arrival ofr the odorant
I.dtu.. those epnts which occur at or near 1.5 43n the Time axis are worthy of clone
,.4'rlijv. In Figure 11. there in an eienl. beginning at l.5 which achieves an V or error

function %alue of abiout O.1 . 14o in•,-tigate thin region further. the pr,'cenn was rerun
using/ = 0. 173.

Fiigure 12 nhown the re-olls Of this ntep in the pnwess. The first window.

in this anti all figurer. in pI-ilitoned in time at-the finst 4gnificant departure of E
from zero. w hioih o•u'lr- ill this figur., at albotl 0.25 n. A• W -teplpi ac'nls !ime. ad
lNier Il-Vetra wier. comlparedI tol the pviwer -I'eltrum oIf hiE • S'," anti the oalues of F ) were
ploItteid. The aplearance Eof Figitren 11 anti 1,2 are that identical leven thIougah 0 is
ansigned different %alies) until the 1.5-•t ient i6 reached. In Figure 42. W,, in then reset

-ince tihe lo'ak aloe of F. now excethl- the thres'hohl. anti tht W at this pnoint now
loe',nmes the new l,,. The •'laracter of the plhot then c'hangen. At tin. I.- - orw lherealboult.
this W"0 is relplace'Id by ite %ialue "of.% at 1.7 - and an ulplated ii fixed at thin [ioint
antiE renmain.- tlhe,v.cmlpari-,on n-andlard until 1.5 n. where the iteration again 'ocur%.

In the -earch for the .%nliJ'ipalo l'Evoked Spectral Change. the tSegmentation
Provpn tniqlely ,aliifie, the need to ilenltify the nature of the• •n•eltrail change.. Figure 45
-honw-, the slo.ctral detiln- function Olltained when the find S'i. positiionefn at 0.25 s. The
valhe of the 'ldominant frequency (of thle slnectral dlensity i. seen In Ihe albut 4 liz. which in
extrentehi interenling snc'e this dIominance in known to 'rsruWin the no-called Theta hand
inl mammalian EEG;, wi•hen the animal is at rent (114.4 at maxinral alertnesn. hut.also no t
a.leep). At time 0.25 ltqhoe animan whlsich had adlapted to the tent fixture had 'earpid to
ftrnggle againt the rentrainlt and werr. insofar an visual ohebrvation couhl di.s•'em. at

rest.
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Fiure 1,4 is. a plo4t otf the s=pectral denityi function at 1.5 s. whcre W, was. first

reseti as Ithe !hresholdl %ar. drotpewd to0. 175. The iea'k v alute evf 16 11izjwhich oc-curs in the

Beta band in EEG conventio)nal terminology) seen here is consistent with the mammalian

state' of intense alertness, as dIefined in niumerous texts on the subtject -of edcc-

troencephalographic interpiretatio. I

Figure 45 shows the s.pectral density function for the event .,een at 1.7 s

in Figure 42. Again, the animal ap~war* toi 1W at rest even though he has reicentli recei'.ed

a TNT odlor bolus; which obviously. excited him. This behavior could~i represent the

realization that EBS was not forthcoming. bui, this -explanation� is ptire conjecture andt

merits no particular credence.

Figures 416 and 4`7 show frequency spectra at 2.5 sandi 2.7 s. It should bie

noted that no further iteratin of this pattern was seen in the data past 3.0 -, in the few in-

stanees where this~ search could( INe Conducted.

Pigure 418 is the neutrakl-inmolus ll4Jnioltgue (of Figure .11. U. before. W,, is firs.t

loc-ated at 0.25 % with ~3=1.0. Tihe large value- of E in this~ plot -ugpestetl a 0 oif 0.350
which resultedl in the plot of Figure 49. Figures 50 through 56 show tile natuire of the'

tspec'ral density at each new windlow location acros-4 the eimmch. as sugrgested bytepeaks.

enin Figure 44). Since the number of variable factori whlich cosail disturb any in-

dividual exiteriment are legion. it is impiortant to present ther ensemble of data acro"s all

rat-. for the segmentation process. as was done with the tuvarianice l'rotess. Figures- 57

anti 544 achieve this goal.

Ihere are dii-playrol the ('4 uiposite plots oif the inldividu1al spectra l density

functions for the subjr.'ts A. B1 (.. 9`7. 98. (M). andi 103. Each figure depict-- tile s

tral- nature of the reirnts, oe'curring, in the windows closes4t to) 135 -4 (035 listrtrigger) acr~iss

* the ensemlble.

Plat..t... tL %1. and DA. I.(; .. Dwh t.N-wma I. o. I.tt.~ta and M~i..g'r Philad.'Ih.1a It 19 1

WiMO. R.. "ltamft.nu... ad %m-nh..mt in iw Grpnrats..n .4 tOw In:k ~lttsga. Iw P.tpsh. If. and "faster. M4. 0...

kttl.bh. L. 4... Mtd.4m. J.; Mn.I i-.14.n. J. V. '(borgl FIrtinwuwv~sbatutaphv.' 11ppl.'t.. - Commt~ - I nt.. Not. l..rk

9 ~721.
K.... -K.. Vs. -'1moIame.neoI. --I flrr.n-'~a.v1 lvt"tacr~e & K-.. %No l..#b 09'71t

"lha... J. 2.. inI Ig' h4 . I Ms'4p.,,Ot.'~t0 "f Ssn~hsnwormttt."t. In: I%'t.1w. It. ndM tHrdstt'. M. V H.
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[it Figurvr .17. flte N4~ivtielit toil l'riqs,. I~icioilate- twol ihioinatit pieak- aitilm
alihreviitig, Ttiriou, peak. T[he, -ign firiai leak avt 8 liz mnay possihily re-prewettose

1ih~ iili;italproee..es a--ioivateit l ith the, so-catted Alpha rhivthnls ilv uanituval (H to 13
hizi oir it mva% hawe a more olisetare metaning hevre. The pevak atl 2(1 Ilz x-curred in ovi -tt-

jecct onlk andvai ait- h avi artifat Abhich %siitild lie- insignificant ill a lararr dIala -ampale.

The nioAi -i~vtiificawi o'ak in. t h- fi-oiaro isý that existin.' betweenv abiout 101 liz and 17 liz.
I A-ýwr Ipeaitk- art et-ecu to atppe ar outI to) inearl (I N)I Iz %,th I It TN T smu Id(a Ia.

Figire .18 also miavaifetsk at diioviait livak at[ about 7 liz lto 8 liz. i.itt it proha-

1Iit ha- thle -anlve -u-Mificanie - itý ite dov %th TNT data plott-. A sevondfary- ltri'ai pieak
I'evitvre i at abouti 11) liz i- -cen il a#- Il a- -mall peak, out to 121 lIN.

Te-igaiifiiavict. of flth. -pi.tral divn-it% fmvictio iiaIattenis lwe~tird 18 liz varmo t
bie ev;iiaivmei lvi tcrni. of curretnt ktiou~ledge of pohn% ideoigale fmition ijim r-iv- FEA, -trio-
ture, lii mintakuil. bimt the- aro-s iiffererive- % hih v. clarly *exit letiiee the( TNT' and

neu-ttral evi~vilc-mble* wovid 18 liz araiie a I io-t a- *troiiigh for flth- oei-tencc oif anl A FSC
i14) the nianifetl sliffert-iiet-, %hich ocilir blwtii% 18 liz.

(:h'sr'Ii. lite 1.'4 t ~C i~pliva. in jill# plots opf Figure 57~ pruintarli (is dwl'

f!rp(/bPncfv/d('is#Ie penk seen beliewff uthe, 8-11z cluster(Indl tile son~gle 20-1-lz jovak. Tlhe

i*0111mipisif ti 4rtictmireI I- so0 diiffcrovmt freopn that genetrated hm the mietmral -Intivuis i data

ire-s-, vi tc ins cmit e- 58. that flt-h broa alwia k ili Fi gulre .37 timl lit-t call-d. uniqtw iijie*e-
;.e,'iailio %114-n it i. ciiiipleii % itmlithe- 18-liz to W4-hiz lpeak ,4utivitre and toli flit- t-imeetire
Atri c~tmire, i thevi i omp a repo Igod titevie t!rat li- vial ple!

TIhis. then. i- the final aprgtinient inl upaport if lthe poustulate of TIhesis 1).

the lIrE-Eiw of vimi(Ijme veiirical s.1 ieetral fealtmires egicrirngillj imttme coincident with flt-e ap-
pol iiatioui of TNT iilfactonv ýt inmul in thme spec iall'y trained tz-tý ;olulua~iort. Takenl ill-
iikifiti~aaIlv. ecali iiril.- 1 iei't~ goimii arglumemi for the iw-csirrevive (if time- A ES( takeni

voledlctiotly. there is little- doilmti that all idlentifikidde feature doues e~ist its a idirect ciivi--

ipiieuice of the TrNT st imuluis. amil t here is littlI- vestigial itoimli that this feature (-.ti. liet
idient ifieii Its exist lying ivrlpei~riwe-f-ir to-chnolo-,~ esliteiatlv if three or more expertiments
;4re -mmunvew be'fore riccimnit ionj is iieniamiid il flthe detectiorn systevn. ( hie miay as%1uviie.
therefore. that 'rhif-s 1) .iý lpro~eitol lie I validl.

g. Signattn tior NEline. A hie lp gnpat fe-atm iextri.,tion isl as: difficult lto achimee

i% thlat epineilli th~is researchm proigramii. t icre. mav lie s-ione doildvi as lt thel exact

'mature of tlih- jolot-t % hih are 1 iremeumted iti lvoi% ignal featuvrgr. The qjuestionv. "Are tliest

mnirely plot-,t of thme cootariagmee of randoiim gaopiw. or ilt they -actuially rehirseteit lthe

iiovarnlasmc oif .114-cla signiat fraltmsre. % hich relat tip tldw~mli~meir.j~~ top at sl-jiei i
iolfactiirv stinitilia.' Iesto ie- aiivi'tervil.
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lFimires 59 and 60 answer the question graphically, and in so dhoing. attest
toý thle authentivitv of Figures 25 through 39. Figure 59 is the plot o~f 25 I-s intervals of
random noise samp1 led at 512 data points. This figure is tile random-noise equivalent of
Figure 40, which displays lthe -aw analog EEG signals of 25 experiments using Rat C as
thle test ýIuhject. Figure 23 is the plot of the AllI covariance nmeans of the dlata of
Fiatre 4to. Figure 60 displays thle plot of Figure 25 as the bottom trace, while the plot of
lthe A I I co% ariatice means of the Eloise sainples senin Figure 59 is (displayed as the top

trave.

C:learly there are great differences between these covariance plots 'in beth
apltleand structural detail. Thle difference in average amplitude implies that the

deg-ree of covariance of thle noise samples is mluch less than that of the EE(; signals. whil-
ltie grotss structural differences relate to) differences in the deg-ree o~f stationaritv between

tile two d10a sample sets.

The difference of about three to one betwýeen the auditory peak of the EEG in
the lo~wer trace and] thle highest peak in thle noise rovariance phitk in the upper~trace is
evidenice of the great degree of covariance of the aperiodic EEG signals which are tinme
related (tllrmughout all the EEG dlata) (lill to) the solenoid valve sound. Other peaks in the

ýE eovariance mlean values exceedl the highest noi~se colvariallee peak by a considerable
airount. andl these peaks miust repre,;ent some (undefined) physiological quasi-stationary
event arising froil the aforementioned "housekeeping" corticai and skeletal neural
activity.

Another salient structural diffe'rence in the curves of Figure 60 is the
oli-vious (difference in signal liandlwidths.. The EE(; plot indlieates the absence of high-
frequency covariance, anid it has, heemi stated earlier that the miaximum~ frequency (wf the
co4rtical spectrum was found to be generally lower than 64 Hiz. even through the data
svsteul banldwidthl was 200 liz. and probably in mlost epoelhs the maximum frequency of
signifiwant power was about 40 liz.

The noise covariance plot gives evidlence-in its fine structural detail-of
nmuch different frequency distribution. This is no~t unex'pected. since, at a-sampling rate
of 512/s, the maximum unanmbiguous frequency present can be 256 Htz wiill to~tally ran-
doni distribution of amplitude-and thus we may expect the noise etwariance to reflect
this spectral configuration.

One must conclude from these and other obs)ervations that the covariance p~lots
fo~r EEG; signals assuredly do4 no~t have the cha racteri sties of thle civariance observed with
raniloni no~ise.
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Similar observatilons as to the non-random nature of the EEG are also in order
for the Segiientation Prtwess. Figure 61 dlisplays the error function. E. versus time of two

signal samples. Thit upper trace displays the E of randoin noise over the 3 -s interval with
0 = 1.0. As ioted in the dicus-imi of the Segmentation Pro-cess. the predicted anti

measured v:dhe of 0 for random noise is 0.0155 anti this relationship is evilen, here
where the Ej plot displays virtually ,no peaks of %isual significance.

The Ibottoni trace tof Figure 61 is the plot of E, for an EEG experiment from
the data for Rat C. Here. ther:e is ample e% idence of the nion-randomness of the rat EEG,
over short periods of time. These pIols %hen augmented by the plots of Figure 60 are (on-

vincing proof that the results of the experiment are based upon physiologicaily signifi-
cant events and are not the result of mathematical operations upon random omcurrences.

Even though the +,,ts of covariance and segmentation appear to argue incon-
testably in favor of the proo.f of Thesis I), it was decided to apply a single statistical test

to one set of data as the coup de grace. Since the segmentation process was the final
metric used. the data were conveniently accessahle in the MERADCOM computer, and
thus these data were subjected t) the lest.

The particular -test applied was the standard Wilcoxon signed rank test. which
is fully described in many texts. This technique is a relatively simple nonparametric test

which will determine whether or not a set of paired values manifests a significant mean
difference. lilere. the word "significant" may lie used to indicate that sufficient (or insuf-
ficient evidence exists in the tested data to accept (or reject) the hypothesis.. For the TNT
data from the segmentation pruwess. the "tail'" prohahilities indicate significant values
ranging- from 0.005 to 0.05. which clearly demomnstrate the extreme unlikelihood that the
data would ie as they are if only random events t'ccurred in the I-s. interval following the

trigger.

Much 'of the data taken during this long series of experiments has yet to he
analyzed. When-and if-all remaining data are examined by the covariance and
segmentatitin prowess. it seems highly likely that the statistical evidence will he weighted

even further toward so•id proof of Thesis 1). simply as a result of the greatly increased
number of samples.

h. Experimental Controls. The nature and extent of the experimental controls

appears to lie motst appropriately treated as the final argument in support of the stated
results after alI experimental data have been fully discussed. an'l for this reasom the ra-
tionale ~anears under "ection Ill. "RESULTS." in this report.
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A ilt, it % otild pit'rhap-, him,~ lien m !-Ade.tit vtonur #',tei ittly mlaintaint~ Jill114

I dl I ii 4 t'- iH'ritciallti -ul tjet-c fokr the-' Ilmriwetit4 f 0coutparing the ix.~ r-it-altv andi
iteia.. itirail. niotiiietif rat, att vamt ý-Ivp ilt the rve-ardt ltinigram Ito a tsptail% n ciiitt l-

tiitnual twll. ce cmtitrol gruol; t. theo adil iititna I fa't~orl- of time. i'-peil~e. anti ilata cmonlt-tlity

%l..re jutilgo-d to) lwQ. ini all, if negatitle %ahac toi the' prtogramt. Fior thii, rra-mi. the tv-e opf a

cmitimrout riili citio griiult ;Ncr se A4a- excludiied fnmxi'it ct-itleratjitkit carly iii the
ertograil.

m vwe er. tIitv te.t grrttip m) it iIit titotl 1 t.it~rf. niitable. too ..'rie a , a totwll

thu it, vitout vrolgtip~ bilt llu- of the'vi;rerligdridproteti orrittfk'itl imntjdentt-

taition from vach -rim~ialk~ nitlified sulijeet. It %4a, aiwoav- net'e-!-af. a-! #.\piaitiei iii

Seititn I. "m m kT 1) N i ) N1 \T~ ERIALS.- to ascertain that tite HIS and ELI; clet-
troile- .. t'rv I~r4i Iuti'atetl and ftanctiomial jtri~or lto it-4 of afit- rat a-, a te!-t -tiiject.9

[ho-. the term *a.e'appldied throughouti [lth, ltt poputilationi refer. Ite naktil etv iti
ri-gartil tot the pairing relat ionhip o~fF TBS Ito TNT vafwtu jereýeu'e' anti mot tot igniorante 4of

Ti't acconijtli-l titi.- mon~trol functlimt. each it elt participant ola, pla'etd iii the tctA

r,~tiirt- an ubh-~jecttet Ito randoti applit'atimi of TNT ande nteutral olfactoir-finatiuli while-
lihe L F ' wa eonitm~yntiiae-lvirorileel. A- might lie exist-qtitct. little- opf t'tn-tjuee(c'1(4 Aa-

4tleri.. d friptnt 1hf-m-nuaiP._e-nijvvt data. '[here- 14a-. a pirioiri. ntic rea-4ts tot expe-et a uniqjue.
feature- itt tite- character oif the# EECA; -ignal- drticj'et during pctrittel (if uinfamiliar o~lfae--

ItoN .tinitili. andi. in fait. ito irelt'ataiele. tlisetrnaltle feature voaw ssthr.eqel in the E A

-g i~tia pitsterittre aero--. all nai..e rats %4hen tie-. were emm-441t Ito T[NT %ajeor. Xkit.

there %4a?- ito iw~ha.. itral e..itetiee ye icih miight inditati' that' \NT maa .igt - ifii'aw itlfat'-

tonr -tilnmlul- at all% timil 1 riitr Ito 'lNT/1'ii:IS pairing-.

Figure- 62 andI 63 .11111 thei Al I olarianecr tueaut- foir tint itttaiIl litnak
.1ltee-Rat 100N. The hitige't 41f tilt' ;ecakl ntear thei left edge art- believed i toes tite re-nhl

.of Ion -latettey Jpievls'.itg (itt tihe stolenoril % ale n'lav ariitl~ti(' Cinl entlrailk. tife- sante

(approxntate I peak ltratliti %4a.- teolt~'ert ae~ritl.- all nniiie rat-s. butl tiie indithrniial %aria-

tiou wa-. large. kithtl %4ith re~t'.eit t4e the ;tt'ak antijehjttili"-andi lience ti tlile degree (if

mitarianvile-and it 411 repsi-cl Iolite tlat' c. It %a!. intere-ingato tle-erve tit- chaitge itt thte
nature. and jiessitien (of tite anhtlittni t'eitt a- tile .uhji wall itrfoughtt trot thei Itaile State

* ti all avo4arenell- o~f the like-liltimol o~f HIS Owitn TNTI valmor voa &lojn-s-ttt. All with totiter

tiet'i)etl ;eohi-iidttgiea1 andll ihatiitr~aI eient.,. there will hie not dmthi,-s'ion oif the jese.'tiitle
Wapl fo~r the ehavtge it tlti #-ielt. invi-c it is uinltionoriprats' here. Si~tffive, Ito sav. thtene

%ifa- generall' a -li ft in the tempoisral petiOn f tue attiititnio 4cii0t frtint) atii-ulji'

ltts'atimi~ at ,es'nltai-4 60u4) nit te701 in-, imit--trigger tit lthe 10111.4 "finalt ltts'atioW- ill f`1111.

traintedl -tiejeetN. TIhes'e phioLt. ftor thte. To anti No interval 'inmariane'e tiis'aur (,'. 1I ev -

ps'ninm-t',t. were ci'-ittte at rullilort firitu a eielles'tiot" t1f -il silat- figutre,.%.
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Exce'pt fowr the e-,iienve~ (of a rneiimiiciarN akdllwiiii event. there is meothing
remnarkablie to) lbe seren in hiew phits. nov % as there an~ltivne ; cidenwijoentc toi be seen in
thet jolets f~or TF - 1. TI + 1. N - 1. and N' + I 1for thi- naix, rat. Examninattion oif nman%

simielar pilt&ý offer coemi-6tiving arg'uments to tlt, effect th~at thevrf i, notthing inherent in the

experimcenital iirwovol A~ iich. of itself. causes thle characterist ic , hatilgc ioienered in thlt
To F EA ; o~f tilt trained test subjects. Ficerefore, it appjears vertain that those feattres just

descrirdeed. u~hich apikwar teni(tjit-e %~ith tile presenece of TNT. are ind,, i.d ue to thet ernie
ticimal respeonse of a trained subiject to) thle potlent ial arri~ ai 4)f all Htsý re%%arel. The
rcp~cr-#ietati% e figure-. (62 and 63) verta ew ni mev~idence o~f aw, imroccenel or
"~chariecterislic- ccclar,*ing event to) (morauet pr-seicee 1114:h a, that seene in Vi~oire 312.

Addicitimnalh. it must lbe recovueized that tilt- fill l trained -stiject i4p-pulatient
sen eel a- coictrels across the %.anemias limee inten al, examiniedei n data prwv!e--imng. lil t imcsi

ceries o~f ement.s where TNT %as lthe idfactior% stimululs. it was aiw~a-. evident that the-
4*omariallee primve-s heackgrotinc EEGA interval. T - . %it -. in c--dvnce, a control peim-rit feer
vionparim.is1i %isit' tilte T40 iiitenai. as %as aslmo tilt- case fopr thet T + I minenal. The satale

isas trur fupr No cdillp'afl.0ls with the N' - I and( N + I intervals. i'unier. tilt- neutral

cielnts in all interi al- (N - 1. N40and N + I s-ineci as etintrotl dalaa ill tilt- sejarchl fo~rtile
Icilieue cieac't in thet T'o interval.

W~hile thle event- portrayed in Fi,'utrv, 62 and 631 are biusedl npotn the (omariance
Priwe-ss lthe remarks are. in grewmral. true fo)r all nueetie-.. and tlhus thr,. a pply In conc1ept Ito
tithe Segnicnatiiiae Prices-. For the sake of eonnl1plet enjeý,. liloever. Figutres 64 and 65 are
inicludted too shom the o)utpu t of thle Swgruentatimo Plrice- hIt tile nu~ive data oif Rat RX). As
%ilhti tilt- jelets (of -m aniancve. there is nle dliscerniblie ci denrcc that tile- nakae rat is affected

liv tilt- Ipresencee of TNT a- is ltie trained rat.
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IV. St VINARY AND C:ONCLUSIONS

29. Summary. As noted in 'Se('ti(n 1. (kie of 'the most promising research 4lomlifls
iý [lhe largel unexplIoredl area of loosensors wherein both in vivo and in vitro applications
of the -esorvo function, of lkimin creatures mnav be used as sensmrv elements in new dletec-
tion s'. teins. liosensors using a li% ing (creature as the sensor-the in vivo approach---offer
the best chanice of near-future application in light of current knowledge. In this ap-
proach. the practical research goal is to achieve the optimum aiuintallmachine interface.
which is defined as that opkerational configuration which results in optimuiii sensitivity
andi specificil% while maintaining a reasonably high true reponse. to false response ratio
(10 to I or better).

The research proram discuss.'d herein was'the first significant step in tisi
direction. It ;s clearly evident fromn the data presented that albino male rats of the

Sprague-lDawlev strain can reIiablyl detect sonme characteristic olfactory signal fromt the
effluents of mnilitar-g-rade 2A.6-trinitrotoluene when the effluent concentration is verv
small. This program mnay poerhaps best be defined as the suce'eisful, opening gambit in a
series-of research efforts directed toward the use of coniptsite rat/in icroprocessor svsteni.
for the (letection and annunciation of the presence (oflextremely low concentrations of a
variety of target substiinces. As stated in the text. no effort was madle to quiantify the
mnalmum detectable concentration across the test subject population.

There was no effort in this program it) identify odorant tar gets other than
TN'r which the test subjects might detect because-as is the case with sensitivity-the ef-
fort is vast andi complex anti far beyond the intent oif the instant research..

It must lpe stressed that the field of binuiensor detection research is in an
embryonic state where every effort appears to be largely a pioneer effort with little p)rior
knowledge to serve as guide pkosts. Hlopefully. the success of this research program %ill
%spur Competent researchers in both the public anti private sectors to delve deeply-and
quickly-into the methods for optimal use of animals as detection system sensors.

Briefly, the instant research proigram sought to prove ihat rats could detect
TNT vapor via the olfactorY sensory modality and~ that they'could be trained both to
signal the fact of detection by operant meanso-a treadlle press--and by evidenicing a
distinctive change in their cortical EEG at the momtent of detection. Prior to achieving,
this goal. it was necessary to) demonstrate uneijuivwrally that rats could delect andi
operantill annunciate the presence of TNT vapor. Proof of the existence of a TNT-
dependent EM; signal feat' ure was complex, and tover half oif the research effort andi
funding was rxpen-:Ied, in this area.
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Seeral mathematical approaches were applied to the raw analog and digital EEG

data. with each approach IwEcoming more sophisticated. The final elucidation of the

elusive Anticipatory Evoked Spewttral Change was achieved by two processes which are

quite different in nature.

The first successful process employed the covariance relationship between similar
events. whereas the second succes.sful process compared the errer function existing
bet%.een significant events in power spectra across a data epoch. Selection of the best

mieroprocessor program to perform these fu-ctions, in the suggested ratimicroprocessor

configuration was not a research goal. and hence, no recommendation is madIe as to

ihich technique is better for the ultimate purpose of exphsives detection. Such decisions
must a% ait the outcome of future reearch-and neither technique may be chosen for the
first field-test system. if the continuing search for more efficient metrics is effective.

30. Value of the Reuearch Effort. The net value of the research to the sponsoring
agency is. at this point.'perhaps indeterminate. While it has been demonstrated that Fmall
laloratory animals can, in fact. indicate the presence of a target substance with no con-
scious action on their part. the gap between this achievement and a practical detection

s.ystem, for man-portable service is wide anti formidable. However, there are now no
known technical barriers which rannot he crossed by ample research. Given adequate,
funding-always the most uncertain aspect of research-it is rational to anticipate field
testing of a portable ratl/microproces,".r device within a 5-yr period. Deployment of field
grade devices might require another 5 yr past initial testing, in vi~w of Army develop-
ment cycle scheduling.

31. Future Re.earch. It is important to include herein a general outline of the
immediate step,, which should be followed to continue the effort. The areas for immediate

investigation are:

a. Signal analysis hy the covariance process %hould he expanded to include
"-dithering" of the existing dala from individual experiments to determine the limits of
variation of physiological anti experimental latency of respmnse fnmn erxperimý,ut to ex-
periment and from animal to animal.

b. The remaining unexamined data from this pioneer program shoild then be
analyzed, using both covariance and segmentation, to the point of diminishing return.
These residual data include the monopolar signals derived from the parietal and occipital
,-lectrodle-, plus the bipolar data derived from the various lead combinations (parietal-
cingulate. parietal-tccipital anti cingulate-ceipital). While it is somewhat dohabtful that
these data contain more significant information than that ohtain,9 from thots cingulate
electrode data segments used in the instant research, it would he inconceivable not to ex-

amine these data prior to undertaking further animal experimentation.
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c. While the' co ariailce protwes and the s.egme'ntation f~lortoVs were -%uvccesfullv

tised to define the pres 'ence ofi an olfactory-induved AES(. it is 1oogica1 tit assumie that

other si-nal proocc-=intr ýclicnies may exi~t which could he u-sle either in an ancillar-,

function with one or both of the-e pr ooesses. or indlividually. toeip - v the effecti~ ity of

'.sgnal feature extraction. At jpresent. a suitable sourve for -uch advanced methodololgy
cannot lie specifically identified but new computer algorithms appear more or less con-
tinuously in. the vast and expanding area of signal proce-&ing. and ptw-.ih~y a continuing
search will (li-closýe a more a ppro~priate algorithm for future EM; signat aiialy%6i.

d. fit order to achieve effective dletector performance in a real-world environment.
the .AESC mun-t ber elucidated from the data of no more than three er foutr succes!4ive I--
EEG samples from any inli'.idual subject. To aeccomplish thi* goal. several major
research steps must hie madec.

1) The locus of the A ESC niust bie defined more preeisely than at jire-ent.
This goal can probably biest lie achieved by a prec-,e and orderly mapping of the brain
-tructure% of the Sprague-lDawlev stIrain of laboratory rats used in the instant research."'
Mapping should beo extended to) all areas abovwe the mid-brain. beginning in the general
structures known a-- the limbic syste anipornigtotehgetcrical structures.

Isolation of a relatively small cell cluster Isay < I mm) as the AESC;A licur would doi much
to raise the effectIive signal-to-no)ise ratiio, and Ith.u4 the pro.- ý.s of AESC detection (1011ld

psibly bie ro-sok'ed too a single EEG/olfactorv stimulus, epoch which., in turn, would

result in a high reliability, real-time detection capabl~ity..

(2) Once the loicus is generally known, all subijecip can lw testeti !o performance
%t~andards byv automatic test roeipuipmeit. a-, is standard rractice.with mass prodtced dele-
Ironic circuit element%.

(3) Overall, a fully functilonal seni4orv element surk ar. the ratlmicroproce'.s~r,
c-ombinationi could be "produced-I iii the main by auitomatio training andi testing pro-

cedlure bamed upo)n the irsuhts of the instant research.

Therp m. n,&~lo.i r..wm f~w eamining armi nedibipng ihebr (ain in *agwronorm, unw the 1^1.4 snbpre u..n tht..ngh..u

ihi. po,,vans ha., -Aenrm-f no, a~i..r A-arornn-l..
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